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Replies were received from the following administrations : 


America, North and South. 


Argentine Republic. . . . . . Buenos Ayres Great Southern Railway. 
Buenos Ayres & Pacific Railway. 
Buenos Ayres Western Railway. 
Central Argentine Railway. 
Cordoba Central Railway. 


Brash 5. 3: . . .  V. F. do Rio Grande do Sul. 


United States of America. . . . Baltimore & Ohio Railroad. 
Delaware & Hudson Company. 
Erie Railroad. 
New York Central Railroad, 
Norfolk & Western Railway. 
Pennsylvania Railroad Company. 
Reading Company. 
Richmond, Fredericksburg & Potomac Railroad. | 
Wabash Railway. 
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British Empire. 


Great Britain, Northern Ireland 


Great Western Railway. 


London Midland & Scottish Railway. 
London & North Eastern Railway. 

Southern Railway. 

Great Northern Railway (Ireland). 

Great Southern Railways (Irish Free State). 


Gold Coast Government Railways. 


Kenya & Uganda Railway. 

Nigerian Railway. 

South African Railways & Harbours. 
Sudan Government Railways & Steamers. 


New South Wales Government Railways. 


New Zealand Government Railways. 


and Irish Free State. . . = 4 
Africa . 
Australasia’... Nast aes 
Canada 


Canadian National Railways. 


Canadian Pacific Railway. 


Ceylon, Burma & Malaya. 


Ceylon Government Railway. 


Burma Railways. 
Federated Malay States Railways. 


India 


Bengal Nagpur Railway. 


Eastern Bengal Railway (State Railway of India). 

East Indian Railway (State Railway of India). 

Great Indian Peninsula Railway (State Railway of 
India). 

Madras & Southern Mahratta Railway. 

South Indian Railway. 


_ Japan and Colonies. 


Japanese State Railways. 
Government General of Chosen, Railway Bureau. 


The questionnaire on which this report is based is embodied in the summary 
of replies given below, It is divided into six sections, dealing with : 


I. Heavy repairs. 
II. Periodical examinations. 
III. Intermediate repairs, 


* 


Although steam locomotives were not 
specifically mentioned in the question- 
naire, several questions have reference to 
this class only, and with one exception, 
no replies have been received dealing 
with any other type. 

It will be appreciated that the repairs 
referred to in Question IV are those 
which necessitate the locomotive being 
dealt with in the main shops of the rail- 
way. This seems to have been generally 
understood from the replies received. 

The first section deals with the rea- 
sons ‘that render it necessary for a loco- 


* 


TV. Materials, Design, ete. 
V. Operation. 
VI. General. 


* 


. 


motive to receive such a class of repair, 


the organisation which decides when 
the engine shall be subjected to such a 
repair, and the arrangements made for 


its being called into the shops. The next - 


two sections deal with the inspection 
and repair work carried out on the loco- 
motive whilst absent from the main 
shops. It has been found that this work 
varies very considerably on the differ- 
ent administrations. This is probably 
due to local conditions, and the facili- 
ties available for such work. It is prob- 
able that the variations in this respect 
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also account for the differences existing 
at present in the mileages between heavy 
repairs in certain cases. 

In the fourth section, the question of 
material, design, etc., as affecting the 
maintenance of a locomotive is consider- 
ed, whilst in the fifth section the oper- 
ation of the locomotive in traffic is con- 
sidered. Here again the local conditions 
have a very great influence on the re- 
sults from the point under consideration. 

In the last section the views of the 
yarious administrations were asked on 
the effect of recent alterations and im- 
provements in increasing the mileage be- 
tween heavy repairs. This naturally was 
a very important question, and although 
it has been dealt with fully in some 
cases, many administrations have replied 
in very brief and general terms. 

For convenience of reference, each 
section has been split up into paragraphs 
which have been lettered, and it is pro- 
posed to deal with each of these para- 
graphs separately, and then to draw in- 
ferences from the replies as a whole. 


I, — Heavy repairs. 


a) Upon what does the necessity 
for a heavy repair chiefly depend ? 


Generally the replies of the various 


administrations show that the necessity 


for heavy repair depends chiefly upon 
the condition of the boiler. In the case 
of railways in the Argentine Republic, 
there are Government regulations which 
govern, on a mileage basis, the time 
when a locomotive shall be called in 
for repair, It is, however, inferred that 
the boiler is the chief factor, and the 
mileage may in certain cases be extend- 
ed after inspection by a Government of- 
ficial. The Government regulation is 
stated to be: 


a) with new boilers 94 000 miles; 
b) with repaired boilers 62500 miles. 


In any case, if the mileage is not com- 
pleted in three years, the locomotive 


must be called in at the completion of 
that period. 

The New South Wales Government 
Railways also point out that, although 
the reason is chiefly the internal condi- 
tion of the boiler, they are subject to 
departmental time and mileage regula- 
lions which must not be exceeded. 

In Canada the Government regulation 
requires an external examination of the 
boiler to be made every five years, and the 
Canadian National Railways arrange that 
the heayy repair of the locomotive fits 
in with this. The Canadian Pacific Rail- 
way reports that although locomotives 
are called in owing to their general con- 
dition, it is chiefly due to tyre wear. It 
is interesting to note that the tyres of 
this company are specified to be of a 
very high tensile strength. 

In very few cases indeed does the per- 
iod depend upon mileage only. 


« I. — b) What system have you for 
« calling in » a locomotive for heavy 
heavy. repair ? 


c) Is this provisionally based upon time 
in service or mileage run since last 
heavy repairs ? 


As will readily be understood, there 
are many different systems in use. It 
may be said that apart from countries 
where the regulations are governed by 
those imposed by Government, the condi- 
tion of the locomotive is ascertained 
after a certain mileage has been run or a 
certain period has elapsed. These mile- 
ages or times vary with different classes 
of locomotives, and usually, taking all 
factors into account, the locomotive is 
« considered » for heavy repairs bearing 
these in mind. 


I. — d) How does this time or mileage 
vary between various classes of 
locomotives ? 


The figures sent in are of very great 
interest, and it has been thought advis- 
able to draw up Appendix I, giving in 
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detail the figures received from the va- 
rious administrations. 

There is naturally a great variation in 
the mileage basis between locomotives 
on fast and slow services, and on the 
whole the fast passenger locomotives 
cover a distance between shoppings of 
at least twice that travelled by slow 
freight locomotives. It must be remem- 
bered that there is not only a relation 
of speed, but also of time in service to 
be considered, and that for a definite 
mileage, the time in steam of a freight 
engine is generally well over the time 
of a fast passenger service (except with 
express freight services, which are prob- 
ably on the increase). 


Il. — Periodical examinations. 


a) What examinations are made whilst 
the locomotive is in service, to ascer- 
tain the state of the various parts ? 


b) If you have schedules of periodical 
examinations, please forward copies. 


In practically all cases it is stated that 
there is a daily examination by the 
driver or a fitter, There are also exam- 
inations periodically by a special exam- 
iner, but the interval between these ex- 
aminations naturally varies — in some 
cases very materially —- between various 
parts and the various administrations. 
Usually the special examinations take 
place at periods which are multiples of 
a month. The Interstate Commerce Com- 
mission of the United States of America 
lay down in their regulations that cer- 
tain parts must be examined monthly 
and three-monthly. The chief -period is 
a month, and agrees with the period as- 
signed for a thorough wash-out of the 
boiler. : 

Some railways, chiefly in Great Britain 
and its Colonies, conduct certain of their 
examinations on a mileage basis; the 
mileages are usually multiples of a thou- 
sand miles, so chosen that these examin- 
ations may synchronise as far as possible 
with those conducted on a time basis. 


With the boiler, in many cases an ex- 
amination each month by the shed staff 
is supplemented by an examination con- 
ducted by an inspector from headquar- 
ters every six months. This tends to give 
uniformity of treatment. 

Appendix III gives a summary of the 
maximum and minimum times and mi- 
leages of the periodical examinations. 
On it are also the examinations asked 
for by the Interstate Commerce Commis- 
sion of the United States of America. 


Il. — c) What. effect do you feel these 
examinations have on increasing the 
mileage between heavy repairs, i. e., by 
detecting flaws, worn parts, etc., and 
so preventing breakdown and failure ? 


There is a consensus of opinion that 
an organised system of periodical exam- 
ination materially increases the mileage 
between heavy repairs. It prevents ca- 
sualties and. accidents, and in many 
cases allows material to be prepared in 
advance, so as to prevent delay whilst 
the locomotive is out of service for re- 
pairs. It is apparently looked upon as 
one of the most important factors in ob- 
taining the desired mileage between re- 
pairs. 


Ill. — Intermediate repairs. 


a) How do you arrange for these 
to be done, and just what work is done ? 


In practically all cases the two items 
mentioned in the full questionnaire, na- 
mely, the re-turning of the tyres and 
giving attention to axleboxes, are dealt 
with at some period between heavy re- 
pairs carried out in the main workshops. 
In some cases it is stated that tyres are 
if necessary replaced. To this work the 
name of « intermediate repairs » has 
been given. While the engine is stopped 
for this work, attention is naturally giv- 
en to any other repairs, such as taking 
‘out a certain number of tubes to ascer- 
tain the state of the boiler, and if neces- 


294 
1V—5 


sary cleaning it thoroughly, and attend- 
ing to motion and brake work, etc. 


Til, — b) Where is tnis work carried 
out — in the running shed or at a 
repair shop? 

Where this work is carried out de- 
pends upon the facilities provided in 
the sheds or depots. It may be taken 
that in the Argentine. in the United 
States of America, and in Japan, the 
work is done in the sheds, and the same 
is largely the case in India. In Great 
Britain and her Dominions and Colo- 
nies it is mainly carried out in repair 
shops. This is probably due to the fact 
that in Great Britain the distance to 
workshops is never very great, whilst 
in her Dominions and Colonies the en- 
gines are usually so scattered that it is 
unnecessary to provide equipment for 
this work at many points. 


HI. — c) What mileages are the various 
classes of locomotives supposed to run 
before receiving these intermediate 
repairs ? 

The figures here vary very consider- 
ably, in the same way as the mileages be- 
tween heavy repairs. This is so for vari- 
ous classes of repair and also for the 
different administrations. Appendix II 
gives the mileages sent in by the various 
railways in reply to this question and 
the next, and also the total mileages be- 
tween heavy repairs. (I d.) . 


Il. — d) What additional mileage does 
the intermediate repair ensure before 
a heavy repair is required ? 

Although one railway states that the 
mileage is not increased by an interme- 
diate repair, two others definitely state 
that an increase of 20 % and 25 % of 
the mileage which would otherwise be 
obtained between heavy repairs is the 
result of an intermediate repair. A fairly 
general statement is that an intermediate 
repair allows (and therefore one assu- 


mes, is necessary for) the desired mile- 
age between heavy repairs to be ob- 
tained. 


III. —e) Is it the practice to co-ordinate 
intermediate repairs with the period- 
ical examinations of parts such as pis- 
tons, valves, axles, etc.? 


In the majority of cases this is done, 
and apparently steps are taken to make 
the times coincide. 


Ill. — f) What is the time usually taken 
in making intermediate repairs which 
take an appreciable time, such as re- 
turning tyres, and other work carried 
out whilst this is being done ? 


The answers to this question are set 
out in Appendix IV. 

It will be noted that the periods and 
probably the work done vary very con- 
siderably. The extremely short time oc- 
cupied in the United States of America 
is probably the result of regulations of 
the Interstate Commerce Commission, 
and also due to the fact that the work 
is carried out throughout the whole of 
the 24 hours each day. The apparent 
effect of the I.C.C. regulations will be 
dealt with later. 


rn 


Lai 


TV. — Material, Design, etc. 
a) What are your specifications for tyres 
and rails ? 


In Appendices V and VI are given the 
various specifications received as far as 
tensile tests and analyses are concerned. 
It will be seen that those most usually em- 
ployed are standard specifications of the 
British Standards Institution (late Brit- 
ish Engineering Standards Association), 
and of the American Railway Associa- 
tion (A.R.A.) for tyres and rails, and the 
specification of Livesey, Son & Hender- 
son for tyres. The Japanese State Rail- 
ways and the Government of Chosen Rail- 
way Bureau have an interesting specifi- 
cation for rails. 
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It is difficult to make a comparison, 
owing to the same tests not always being 
made, but the matter will be dealt with 
later in the summary upon these notes. 


IV. — b) What do you feel should be the 
relation between tyre and rail to pro- 
duce the best conditions in service ? 


ce) Have you studied this problem or 
carried out any experiments on if up 
to the present time ? 


Where an opinion is expressed with 
regard to the first of these questions, it 
is that the tyre should be somewhat 
harder than the rail. In one or two 
cases, preference is expressed for sor- 
bitically treated tyres. Other heat treat- 
ed tyres which have been tried in some 
cases are stated not to justify their use. 
It does not seem that any experiments 
on any scale have been carried out, 
although the Great Western Railway, and 
the London Midland & Scottish Railway, 
of Great Britain, and certain other lines 
have the matter in hand. 


IV. — d) What wear is permitted on 
tyres before they are taken out of 
service ? 


The Interstate Commerce Commission 
of the United States of America have de- 
finite regulations for the wear allowed, 
which are somewhat complex. 

The question of re-turning tyres as 
well as scrapping them when worn is 
of very great importance in determining 
the mileage before repair, and this ques- 
tion will also be dealt with later. 


IV. — e) Please supply a drawing 
showing the section of a new tyre. . 


f) Have you experimented to ascertain 
the profile of the tyre most suitable 
to give the greatest mileage belorey re- 
turning is required ? 


The profiles shown by the drawings 
submitted consist of two standard types 
and a large number of types used by 


individual railways. The two standard 
types are those of the American Railway 
Association of the United States of Amer- 
ica (fig. 1) — used in some cases with 
slight modifications — and of the Asso- 
ciation of Railway Locomotive Engin- 
eers of Great Britain (fig. 2). The form- 
er, with double-tapered tread, is used 
in North America, and the latter, with 
plain tapered tread, generally in Great 
Britain, where it has been adopted as a 
standard of the British Standards Insti- 
tution (late British Engineering Stan- 
dards Association). In the latter there 
are three thicknesses of flange, the radii 
on all of them being the same. 

The other drawings submitted are 
very varied. 

No considerable experiments seem re- 
cently to have been made on tthe effect 
of profile to give the greatest mileage 
before re-turning. This matter, however, 
is being considered by the London Mid- 
land & Scottish Railway of Great Britain, 
and the Burma Government Railway. 
The Emerson-Tatum profile (fig. 3) is 
used on certain vehicles of the Baltimore 
& Ohio Railroad. The Erie Railroad are 
trying tyres in which the double tapered 
tread usually adopted in the United Sta- 
tes is eliminated, which they think will 
do away with slipping, and consequent 
wear, by giving greater adhesion. The 
question of varying tapers on the profile 
will be discussed later. 

There is some variation as to depth of 
flange, which is generally between 1 inch 
and 1 1/8 inches, and the Great Western 
Railway have further increased theirs to 
1 5/16 inches, with a view to obtaining 
a greater margin of safety. In the United 
States, on the other hand, there seems a 
tendency to use a flange 1 inch deep as 
against 1 1/8 inches generally employed 
a short time ago. 


IV. — g) What kind of gland packing 
do you use, especially for superheated 
locomotives ?° 


A large number of types of gland 
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Fig. 1. -- American Railway Association standard tyre profiles. 
(From The Locomotive Cyclopedia, 1927, p. 644.) 
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Tyre profiles E.— Thin flange section. 


Fig. 2, —- Tyre profiles, Association of Railway Locomotive Engineers (Great Britain). 


packing are used, with very varied com- lonies, and also in the Argentine, there 


position. Although many of these are of is a tendency to use a cast iron packing 
white metal in Great Britain and its Co- ring. 
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Tyre profiles G.— Thin flange section. 
Fig. 2 (continued). — Tyre profiles, Association of Railway Locomotive Engineers Great Britain). 
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For sleel tyred tender=freight car, and passenger car wheels. 
Fig. 3. — Emerson-Tatum tyre profile, Baltimore and Ohio Railroad. 


IV. — h) What type of bearing metals 89 % to 64 %, the lead from 28 % to 
do you use for axleboxes, and bearings 0 %, and the tin from 14 % to 4 %. A 
for connecting rods? What is the commonly used bronze contains copper 
composition ? 77 %. lead 15 %, tin 8 %, This is used 

‘ by the Rio Grande do Sul, Delaware and 
These vary very considerably. Many Hudson, New York Central, New Zealand 

administrations use bronzes throughout Government, Bengal Nagpur, and Govern- 

in which the copper varies from about ment of Chosen Railways. It is interest- 
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ing to note that the Canadian Pacific 
Railway, for special bearing bronze, use 
0.5 % to 1.0 % of nickel. They and one 
or two other lines also use a small per- 
centage of zinc in their bronzes. 

The Association of Railway Locomo- 
tive Engineers of Great Britain, some 


little time ago, agreed to three standard 
white metals, namely : 


Nos th — Tin sce aes 85 %. 
Antimony. . 10 % 
Copper =. 5 = "over 
Leadiy, ees _ 

Now 2) ==, Ling a see 60 %. 
Antimony... 10 % 
Copper...) 2) Yous 
Leads as. . 28 %. 

No, 3, — ‘Tins ze. a 5 12 %. 
Antimony. . 13 % 
Copper... — 
Leads 1335 75 %. 


No. 1 is, of course, a well-known high- 
grade bearing metal, especially suitable 
for bearings in which there are varia- 
tions of pressure, such as connecting rod 
big ends. Metals with such high tin con- 
tent are only used on certain British and 
some other railways. 

In the United States, where white me- 
tals are used at all, they are always of 
high lead content, as is the case in Aus- 
tralasia. 


IV. — h) Do you find that bad feed wa- 
ter influences the distance run _ be- 
tween two heavy repairs? What steps 
do you take to improve this ? 


As was to be expected, the majority 
of the replies indicate that bad water 
either influences the distance run. be- 
tween shoppings, or entails more work 
in the sheds to keep the locomotive in 
service, Some few administrations, as 
the Delaware & Hudson Railroad, Great 
Northern Railway of Ireland, Gold Coast 
Government Railways, New Zealand Gov- 
ernment Railways, Burma Government 
Railway, Great Indian Peninsula Rail- 
way, and Federated Malay States Rail- 


ways, report that their water is general- 
ly good, and does not affect the mileage 


or repairs, This matter will be dealt 
with later. 


IV, — j) What kind of oils and oiling 
systems do you use for: 
a) Cylinder lubrication ? 
b) Lubrication of axles, big ends, etc.? 


Details regarding lubricating oils for 
cylinders, axles and big ends are rather 
vague. Proprietary brands of oil are 
used to a considerable extent. Where 
details of composition of the respective 
oils are quoted, it is noted that oils for 
superheater steam cylinders are usually 
compounded with small amounts — up to 


‘5 % -—— of animal or vegetable oil. Uncom- 


pounded mineral cylinder oils are in the 
main used for saturated steam cylinders, 
but the replies suggest that on some rail- 
ways compounded oils of the superheat- 
er oil type are also used for saturated 
steam. One railway, the East Indian 
Railway (1.S.R.), uses castor oil for the 
lubrication of cylinders of engines with 
unbalanced slide valves. 

The New South Wales Government 
Railways employ a special system of lu- 
brication for cylinders. It essentially 
consists of a hydrostatic lubricator, from 
which oil and steam are led by a pipe 
to a special nozzle at the bottom of the 
cylinder barrel. 

There is considerable diversity of 
practice regarding the lubrication of 
axles, big ends and other parts of the mo- 
tion. There are frequent references to 
the use of grease and apparently this 
practice is extending. Pure mineral oils 
and oils compounded with fatty oils 
(rape oil and fish oil) in proportions up 
to 25 % are mentioned. Castor oil is 
also used on two Indian Railways. 


IV. — k) Is mechanical lubrication gen- 
erally used, and if so, does it influence 
the mileage of the parts so lubricated? 


Of the 41 administrations, 30 report 
that they are using or have used mechan- 
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ical lubrication to a greater or less ex- 
tent. In the majority of cases it is stated 
that it has given satisfactory results as 
far as mileage and repairs are concern- 
ed. In six cases mechanical lubrication 
has either been taken off or no extension 
of ifs use is being made. Of these latter 
administrations, all but one are in hot 
climates, 


iV. — 1) Do you use any method of 


flange lubrication on your locomotives 
or on the rails of curves for the pur- 
pose of reducing the wear of the tyre 
flange? If so, is this general, or only 
in use on bad curves? What exper- 
iments have you made with it? 


The method of reducing flange wear 
by tyre flange lubrication is extensively 
used in North America, with the excep- 
tion of the Pennsylvania Railroad, where 
rail lubrication is employed on bad cur- 
ves, although the results so far are not 
definite. It is also employed on various 
other railways, and on tthe Ghat Railway 
of the South Indian Administration, 
where curves exceed 10°, it is stated to 
have more than doubled the time be- 
tween « tyre profiling ». 

In Japan various types of lubricators 
tried have not justified their use, and 
« tyre watering » is now employed. 


V. — Operation. 


a) How are your locomotives manned, 
i. e., by single, double or triple crews ? 


What is the general method of oper- 
' ation? - 
Where have you lriple crews ? 
What experiments have you made 
with mulliple crews ? 


The system of manning locomotives 
seems generally to depend on circum- 
stances; with passenger services locomo- 
tives are more often allocated to parti- 
cular crews than is the case with freight 
locomotives. 

One or two replies are of special in- 
terest. The Pennsylvania Railroad, while 
saying that their locomotives are gener- 


ally pooled, state that some passenger, 
freight and shunting engines are double- 
crewed, and a few passenger and shunt- 
ing engines triple-crewed. This system 
is to be preferred if it can be arranged, 
as it maintains the personal interest ‘of 
the crews in the locomotives. 

The South African Railways generally 
pool their locomotives, but think this is 
not satisfactory from a maintenance 
standpoint, and when conditions permit, 
single and double crews are used. 

The Delaware & Hudson Railroad find 
that multiple crews are the most econ- 
omical for freight working, but the Erie 
Railroad have abandoned the use of as- 
signed crews in favour of pooling. 

The Japanese State Railways used to 
work with double crews, but now gen- 
erally employ multiple crews. 

In the United States of America in 
certain cases, the rule is one crew for 
each division passed through, which is 
also the case on the Canadian National 
Railways, although generally single crews 
are used. 

On the Erie Railroad up to four crews 
per locomotive (100-120 miles per crew) 
are used, and on the Canadian Pacific 
in one case six crews are employed. 

In Great Britain, single, double and 
triple crews are employed, here and else- 
where triple crews being used in shunt- 
ing yards and with some passenger serv- 
ices. 

On the Kenya and Uganda Railways 
the « caboose » system is employed, 
where the second crew sleep in the ca- 
boose. 

On the Buenos Ayres & Pacific Rail- 
way during heavy traffic movement, 
goods trains are handled by five crews 
during a single journey of 430 miles. 

The Great Indian Peninsula Railway 
is successfully carrying out experiments 
on a 562-mile run with triple crews, but 
they are having to change from oil to 
grease lubrication owing to hot boxes. 

The long non-stop run of the London 
& North Eastern Railway of 393 miles 
with the crews changed on the road is 
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well-known, as is the 301-mile run with 
a single crew on the London Midland 
& Scottish Railway. 


V. — b) What is the longest non-stop 
distance run in any service trip ? 


The replies show three runs in Great 
Britain of over 200 miles, the London & 
North Eastern Railway’s 393 miles (with 
two crews), the London Midland & Scot- 
tish Railway’s 301 miles with a single 
crew, and the Great Western Railway 
report one of 225 3/4 miles. The latter 
railway,also runs a freight train of 145 1/4 
miles without a stop, and the London 
Midland & Scottish Railway a freight 
train of 191 miles without a stop. 

A number of other administrations 
have runs well over 100 miles. 


V. — c) In what time can the driver take 
up the locomotive for a return working ? 

The crews generally are allowed 8 
hours’ rest at a station away from home, 
and 12 hours when at home between 
shifts. The time allowed for preparing 


for a return journey may be up to 45 mi- 
nutes. 


Vv. — d) Are special means adopted for 
cleaning the fire when bad coal is used? 


Practically all administrations state 
that they have no special trouble with 
bad coal, and rocking bars and drop 
grates are often used. 

The Wabash Railway states that the 
worst fire can be cleaned in 12 minutes. 

The New South Wales Government 
Railways have in addition ashpan flush- 
ing apparatus. 


V. — e) Have you considered any plans 
for improving the distance run by lo- 
comotives per day? If so, what are 
they, and what have been the results 
obtained ? 


This question is such an important 
one, and the answers received are so 
varied and interesting, that a summary 
in each case has been made and is set 
out in Appendix VII. 


V. — f) What checks are made on ex- 
cessive coal consumption per mile to 
prevent undue firebox and tube re- 
pair ? 


In the majority of cases statistics are. 
kept of the coal consumption of indivi- 
dual locomotives, and travelling inspec- 
tors are employed to watch consump- 


tion. One administration states that they 


find no relation between coal consump- 
tion and firebox repairs. 


VI. — General. 


Have any recent alterations or improve- 
ments in the design of engine or boil- 
er, or has any change in operating 
practice materially helped in obtain- 
ing greater mileage between heavy re-- 
pairs? If so, state what these have 
been. 


The Argentine Railways point out, as 
previously noted, that their maximum 
mileage is limited by Government regu- 
lations. The Cordoba Central Railway 
states that welding the tubes into the 
firebox tube plate, and the welding in of 
a seamless plate in the corners of the 
firebox, materially helps them to reach 
this mileage. 

The fuel used on the Rio Grande do 
Sul Railway has a calorific value of 
only 8100 British thermal units per lb., 
with 30 % volatile matter and 30 % ash. 
The provision of large fireboxes, com- 
bustion chambers, and firebrick arches 
is found to be advantageous with this 
fuel. 

The Baltimore & Ohio Railroad have 
found that the monthly inspection of 
staybolts represents one of their largest 
expenses, and they believe that the per- 
fecting of their boiler with water-tube 
firebox, will practically eliminate this. 

The Delaware & Hudson Railroad say 
they have benefitted by the application 
of one-piece cylinder frames and neces- 
sary castings. 

The Erie Railroad refer amongst other 
items to the use of larger tanks and 
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bunkers, mechanical stokers, firebox 
thermic syphons, and floating rod bush- 
ings; to the provision of water columns 
and improving the water supplied; and 
Speeding up the turning of locomotives 
at terminals and so eliminating changes 
of firebox temperature. 

The New York Central Railroad refer 
to large boilers, with superheaters and 
feed water heaters, the use of boosters, 
and the provision of large capacity tend- 
_ ers in order to reduce the number of 
coal and water stops. P 

Welding of various parts has practi- 
cally eliminated trouble in the operation 
of boilers on the Norfolk & Western 
Railroad, whilst careful analysis of bro- 
ken parts and consequent change of de- 
sign has materially reduced failures on 
the road. 

On the Pennsylvania Railroad there 
hhaye been no recent alterations in de- 
sign, although they are trying a water 
tube boiler. Longer runs have helped to 
give greater locomotive mileage, to re- 
duce the number of locomotives requir- 
ed, and to permit the concentration of 
repairs at fewer points. 

The Reading Railroad mention the 
points generally given above, and also 
mention exhaust steam injectors, higher 
-manganese steel driving tyres (0.75 % 
— 0.95 % manganese), and tender boos- 
ters as being of help. . 

The Great Western Railway say that 
alterations and improvements are con- 
tinually being made in all directions. 

On the London Midland & Scottish 
Railway, engines of modern design are 
found to give less trouble and longer 
‘mileage between repairs. 

Boiler mileage is improved on the Lon- 
dion & North Eastern Railway, providing 
they are of ample design, fed with suit- 
able water, and. properly washed out. 
The provision of three cylinders reduces 
the bearing pressure on machinery, 
whilst long non-stop runs give a higher 


13 


daily mileage and a greater mileage be- 
tween repairs, 

The Southern Railway have found that 
locomotives of sufficient capacity have 
led to increased mileage and a reduction 
in failures. 

The application of superheating on tthe 
Great Northern Railway of Ireland has 
led to greater mileage between repairs. 

The substitution of « caboose » work- 
ing for pooling shows a very beneficial 
result on the Kenya & Uganda Railway, 
with a considerable reduction in fail- 
ures. : 

The South African Railways state that 
constant attention is given to points in 
design to increase mileage, but progress 
is gradual. 

The improvements on the New South 
Wales Railways have already been dealt 
with in the replies to sections I — V. 

In New Zealand there have been track 
conditions which have limited the weight 
of locomotives, Recently, however, these 
conditions have improved, and with the 
provision of more powerful engines, the 
distance between repairs has increased. 

The Canadian National Railways give 
four points, namely, extended locomo- 
tive runs, heat-treated tyres, steel stay- 
bolts, and improved maintenance of boil- 
er tubes and washing out of boiler. 

The Canadian Pacific Railway point 
out that locomotive and boiler design is 
being continually improved, and on their 
line the average mileage between general 
repairs has increased in the past 8 years 
by 8 % for passenger and 13 % for 
freight locomotives. 

The Burma Railways say that impro- 
vements in motion design have mainly 
contributed to improvement. 

The East Indian Railway anticipate 
that hot bearings should be reduced by 
the extension of grease Jubrication, 
which will allow of pooling and in- 
creased daily mileage, but probably not 
an increased mileage between shops. 

The Great Indian Peninsula Railway 
cannot say that alterations of design 
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have greatly helped in obtaining greater 
mileage between repairs. 

The Madras & Southern Mahratta Rail- 
way feel that the greatest help to increas- 
ed mileage between overhauls is given 
by prompt and good attention to repair 
in sheds. 

The Japanese Railways have not alter- 
ed design lately. 


General summary. 


The short summary of the replies to 
the separate questions gives a very good 
indication of the views of the various 
administrations which have replied to 
the questionnaire. One cannot but be 
impressed, however, with the varying 
conditions and results which pertain, 
even in the limited number of countries 
which this report covers. It will be not- 
ed generally that this is not so marked 
within the separate countries as between 
different countries, and it may be assum- 
ed that these differences are chiefly due 
to the conditions met with, and also pos- 
sibly to some extent to customs and pro- 
cedure which have grown up with the 
development of the railways and their 
lay-outs. 

Speaking generally, there are two 
groups in which special conditions seem 
to regulate the mileages which are being 
dealt with. The first of these is the 


Argentine Railways, where the maximum _ 


mileage between heavy repairs is fixed 
by Government regulation, and the ob- 
ject therefore is to arrange that this 
maximum is reached. The other is the 
United States of America, where the re- 
gulations of the Interstate Commerce 
Commission specify a number of examin- 
ations which must be made periodically 
(see Appendix III). One of these is that 
« All boilers shall be thoroughly washed 
« out as often as the water conditions 
« require, but not less frequently than 
« once each month » (1). This means 


(1) Laws, rules and instructions for inspec- 
tion and testing of steam locomotives and ten- 
ders and their appurtenance, Washington, 
1929, p. 55, para. 45. 


that every month the locomotive is taken 
out of service for certain definite work 
to be done upon it, and naturally the 
opportunity is taken advantage of to 
carry out other examinations and re- 
pairs. Usually the whole of the hours 
during which the locomotive is stopped 
is employed on this work, and facilities 
are arranged in the sheds or depots for 
handling the examinations and repairs. 
in the most expeditious manner. The re- 
sult of these, what may be called, short 
service intensive repairs, is shown in 
the comparatively high mileage obtained 
between heavy repairs. 

Turning to the various sections into. 
which the questionnaire has been divid- 


- ed, it may be said that the necessity for 


a heavy repair is mainly due to the work 
which has to be done on the boiler. 
Usually this takes a considerable length 
of time, even when, as is the case with 
some railways, a stock of repaired boil- 
ers of standard type is kept, so that the 
delay in this respect is cut down. Arran- 
gements are almost universally made in 
the organisation for schemes by which, 
after a certain mileage or time, locomo- 
tives are reported upon, so that they 
may receive systematic repair at a time 
to be then defined. In most cases also, 
a mileage or time between heavy repairs 
is assigned for each class of locomotive. 

Periodical examinations are also gen- 
erally carried out at predetermined 
times or mileages, varying with the dif- 
ferent parts of the locomotive. These ex- 
aminations decidedly increase the mi- 
leage between heavy repairs by reducing 
failures which would necessitate the lo- 
comotive being out of service for a con- 
siderable time, as well as preventing 
disorganisation of traffic and the pos- 
sibility of material damage. 

The question of infermediate repairs 
is one which is dealt with in various 
ways. It is generally recognised that 
such repairs are necessary between the 
heavy repairs in the main shops, but the 
procedure and facilities provided vary 
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considerably with the varying circum- 
Stances. Attention to tyre profiles and 
consequent re-turning seems to be one 
of the governing factors. 

In speaking of the effect of material, 
design, etc., the general opinion seems 
to be that the tyre should be somewhat 
harder than the rail, as, all other things 
being equal, the tyre is subjected to 
greater wear. Very little attention has, 
however, been given to the relation be- 
tween the composition and state of the 
material of these two essential parts of 
a railway, and it would also seem that 
the profile of the tyre has been develop- 
ed largely empirically. In the United 
States of America and elsewhere, the 
tread of the tyre consists of two tapers, 
but at least one railway raises certain 
objections to this on the ground of 
reduced adhesion. The chief reason 
for the necessity for re-turning tyres 
seems to be wear of the flange, and, to 
retain the standard flange profile, metal 
on the tread of the tyre must be wasted 
in re-turning, and the life of the tyre 
diminished. 

There seems to be no great move to 
adopt lubrication either of the tyre or of 
the rail on curves to prevent this flange 
wear, although certain railways use these 
methods — one administration with re- 
markably satisfactory results.. The Ja- 
panese Government Railways, after ex- 
perimenting with lubricants, are apply- 
ing water to the flanges of their tyres. 
It should be said that one or two admi- 
nistrations state that they have in hand 
experimental work on the relation of 
tyre and rail, 


The question of the supply of suitable 
water for the locomotive boiler is recog- 
nised as necessary to obtain greater 
mileage between repairs, and various 
methods are employed to achieve this. 

The application of mechanical lubrica- 
tion seems to be growing. It is interest- 
ing to note that in countries where the 
normal temperature is fairly high, there 
is a tendency to use grease for lubrica- 


tion of the machinery of the locomotive, 
with the object of allowing longer runs 
per journey. No remarks have been made 
as to its efficiency as a lubricant. 

In operation there is decidedly a move 
to increase the distance run by a locomo- 
tive per day, either by « pooling », or by 
arranging for several crews to operate 
the locomotive on its journey. This is 
probably one of the greatest factors in 
the universal increase of mileage be- 
tween repairs, as undoubtedly the num- 
ber of times a boiler is cooled down and 
heated up has a marked effect upon its 
maintenance. 

In the replies as to what recent alter- 
ations have helped to increase the mile- 
age between repairs, the majority of 
the administrations state that these have 


been shown in the detailed replies to. 
the questions. 


Final summary. 


1. The chief reason for undertaking 
heavy repairs is the need of repair of 
the boiler; and a proper organisation for 
regulating heavy repairs is held to be 
very desirable. 

2. A carefully worked-out system of 
periodical examination prevents failure 
and casualties and so eliminates irregu- 
lar repairs. 

3. It is practically always necessary 
for a locomotive to receive attention to 
tyres, axles, etc., between heavy repairs, 
and organisation should allow of these 
taking as short a time as possible. 

4. The question of the relation between 
tyres and rail, and the profile of both 
of these, deserves closer investigation 
than has at present been given. 

5. The quality of the water supplied to 
a locomotive boiler deserves the closest 
attention. This has a very material bear- 
ing on the mileage between heavy re- 
pairs. 

6. Every method should be adopted to 
obtain as great a mileage per day as pos- 
sible, as the increase of this helps great- 
ly in the total mileage obtained. 


302 _ 
IV—16 


APPENDL 


Table of time or mileage between heav 


RAILWAY. 


America, 


Argentine 


North and South. 
Republic. 


Buenos Ayres Great Southern. 


Buenos Ayres and Pacific . 


Buenos Ayres Western 


Central Argentine . 


Cordoba Central 


Brazil. 
Rio Grande do Sul. 


| United Slates of America. 


Baltimore and Ohio 


Delaware and Hudson 


Erie . 


New York Central. 
Norfolk and Western . 


Pennsylvania . 


Reading. 


Richmond, Fredericksburg and Poto- 


mac. 


Wabash. 


British Empire. 


Great Britain, 
Irish Free 


Northern Ireland, and 
State. 


Great Western . 
London Midland and Scottish . 
London and North Eastern . 


Southern 


Great Northern tg 
Great Southern (Irish Free State) 


Express 
locomotives. 


200 000 
90 000 


90 000—110 000 


90 000 


60 000—90 000 
75 000—90 000 


22 months 


Passenger 
locomotives. 


115 000—150 000 
90 000—125 000 


75 000—105 000 


50 000—70 000 
60 000—65 000 
80 000 
30 months 


Heavy freight 
and articulated. 


75 000—95 000 
45 000 


49 000-—-65 000 


50 000 
38 000 


30 000—55 000 


3038 
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1V—17 
pairs for different classes of locomotive 
masiabt oo ead ots Shunting. All classes. 
locomotives. locomotives. 
a Miles. Months. 
94 000 
(New boilers) : 36 months. 
63 000 (Time limit). 
(Repaired boilers). 
31 000—112 000 10—36 
90 000—110 000 100 000—165 000 75 000—200 000 
60 000 75 000—90 000 45 000—125 000 
70 000—130 000 
55 000 58 000—61 000. 49 000—110 000 
‘L00 000 50 000—100 000 
38 000—90 000 
30 000—60 000 
60 000—75 000 30 000—60 000 30 000—105 000 
40 000—70 000 30 000—90 000 
55 000—60 000 55 000—75 000 50 000—60 000 50 000—90 000 ac i" 
~ 60 000 60 000—80 000 
30 months 26 months 40 months 22—40 
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i 


Express Passenger Heavy freight 
locomotives. locomotives. and articulated. 


RAILWAY. 
ee a 
Africa. 
Gold Coast Government. . .. . ae 80 000—150 000 


Kenya and Uganda 
Nigerian 
South African 
Sudan Government ..... . Gen 62 000 
Australasia. 
New South Wales Government . . ac 90 000—200 000 90 000—120 000 


New Zealand Government . 


Canada, i 
CanadiansNational ) 5) \ seus ee 168 000 av. 83 000 av. 86 000 av. 


Canadian Pacific 


Ceylon, Burma, Malaya. 
Ceylon Government : sus was ee 
Burman. 2 0 we cere see eet ae 125 000 50 000 
Federated Malay States . ; 


India. 
Bengal Nagpur secs eee ee 80 000 18 mths 80 000 18 mths 80 000 36 mths 
Fastern: Bengalyy genoa ne 100 000—120 000 90 000—120 000 
Hast indian oe Gis eee da 120 000 120 000 
Great Indian Peninsula. . ... aa 100 000 
Madras and Southern Mahratta. . oe 80 000—100 000 


South Indian . 


Japan and Colonies. 


Japanese Government 


Government of Chosen. . ... . See 62 000—93 000 A 
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eeier Eigoal ond tank Shunting. All classes. 
locomotives. locomotives. 
Se a ee 
Miles. Months. 
36—60 mths 36—60 mths 80 000—150 000 36—60 
70 000 
90 000—100 000 
one 80 000—200 000 
31 000 31 000—62 000 
76 000—150 000 76 000—200 000 
55 000—80 000 
86 000 av. 68 000—205 000 
18 
80 000 28 
120 000—150 000 100 000 150 000 50 000—150 000 
120 000—150 000 
80 000 36 mths 80 000 36 mths 80 000 18—36 
75 000 50 000—75 000 50 000—75 000 50 000—120 000 
75 000 ck 40 000 40 000—120 000 
65 000 50 000 50 000—100 000 
60 000—80 000 50 000—60 000 50 000—60 000 50 000—100 000 
36 mar. 
od dae ae 36 
31 000—56 000 50 000—56 000 31 000—-93 000 
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Table of mileages for intermediate and heavy repairs. 


RAILWAY. 
| 
| America, North and South. 
Argentine Republic. 
Buenos Ayres Great Southern. 
Buenos Ayres and Pacific . 
Buenos Ayres Western 
Central Argentine . 
Cordoba Central. 
| Brazil. 
Rio Grande do Sul 
Uniled States of America, 
Baltimore and Ohio 
Delaware and Hudson 
Erie . 


New York Central. 


i 7 
Norfolk and Western . 
Pennsylvania . 
Reading. 


Richmond, Fredericksburg and Poto- 
mac. 


Wabash. 
British Empire. 


Great Britain and Ireland. 
Great Western . 
London Midland and Seottish. 
' London and North Eastern 
Southern 


Great Northern (Ireland) . 


Great Southern (Inish Free State) . 


Mileage before 


intermediate 
repair (I. R.), 


I. R. unnecessary. 
25 000—62 000 
37 000—40 000 

I. R. unnecessary. 


I. R. unnecessary. 


19 000 


50 000-—L05 000 
20 000-— 40 000 
30 000— 65 060 


30 000 
(freight locos.) 


25 000—50 000 
19 000—45 000 


45 000—65 000 


15 000—55 000 


45 000 


I. R. unnecessary. 


30 000 
40 000-50 000 


Mileage to second 
intermediate 
repair (if any). 


Mileage from 
intermediate to 
heavy repair. 


12 000—18 000 


13 000 


25 000-—95 000 
20 000—50 000 
30 000—-65 000 


25 000—50 000 
19 000-—45 000 
20 000—40 000 
“45 000-—65 000 


15 000—55 000 


Time basis only. 


15 000 
30 000 
30 000 


Mileage between 
heavy repairs. 


63 000 (—)——94 000 
63 000 (—) 94 000 
63 000 (—)—94 000 
63 000 (—)—94 000 


63 000 (—)—94 000 - 


51 060—112 000 


75 000—200 000 
45 000—125 000 
65 000—130 000 
49 000—-111 000 


50 000—-100 000 
38 000—- 90 000(+ 
30 000— 60 000 


30 000—105 000 


Time basis only. 
30 000—90 000 
50.000—90 000. - 
60 000—80 000 


Time basis only. 


é 


f 


} 


| 


1 
: 
, 
: 
' 
: 
‘ 
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ES 


(Continued.) 


RAILWAY. 


EE 


rica. : 

Gold Claas Government . 
Kenya and Uganda 
Nigerian 

South African 


Sudan Government 


ustralasia, 
New South Wales Government 


New Zealand Government . 


nada. 
Canadian National . 


Canadian Pacific 


pylon, Burma, Malaya. 
Ceylon Government 
Burma . 

Federated Malay States . 
dia. 

Bengal Nagpur . 
Eastern Bengal . 

East Indian . 


Great Indian Peninsula . 


Madras and Southern Mahratta . 


South Indian. 


japan and Colonies. 
Japanese Government 


Government of Chosen . 


Mileage before 
intermediate 
repair (I. R.). 


25 000—50 000 


30 000 


19 000—37 000 


62 000 av. 
40 000 


30 000—35 000 
25 000—75 000 
40 000—50 000 


45 000—65 000 
20 000—60 060 


25 000—50 000 


25 000—40 000 
13 000—44 000 


I. R. unnecessary. 


Time basis only. 


Mileage to second 
intermediate 
repair (if any). 


30 000 


40 000—-50 006 


Mileage from 
intermediate to 
heavy repair. 


25 000—40 000 
30 000 


9 000—19 000 


30 000 


50 000—75 000 


45 000 
25 000—75 000 
40 000—50 000 


15 000—20 000 
30 000—55 000 
30 000 


25 000—50 00C 
50 000 


Time basis only. 
16 000—46 000 


Mileage between 
heavy repairs. 


80 000 (—) —150 000 
70 000 
90 000—100 000 
80 000—200 000 
31 000— 62 000 


(76 000 (—)—200 000 
55 000—80 000 


70 000—-200 000 


Time basis only. 


80 000 (—) 
50 000—-150 000 
120 000—-150 006 


80 000 
50 000—-120 000 
40 000—120 000 
50 000—-100 000 
50 900—-100 000 


Time basis only. 


Time basis only. 
31 000—93 000 
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Schedules of periodical examinations 


Coane Maximum Minimum Maximum Minimum = avert 
Se eae time. time. mileage. mileage. |.1) schedules 
Months. Months. Months, 
Boiler . 1 6 1 week 1 
Safety valves . 3 12 1 month 12 000 12 000 3 
Lead plugs changed i 6 2 weeks af 
Gauge glasses . 1 6 Daily ill 
Superheater 6 1 month 6 000 6 000 u 
Injectors . il 6 1 month © 12 000 6 000 
Vacuum or air brake 3 6 | 2 weeks 10 000 6 000 1 
Wheels and tyres 6 1 month 12 000 2 000 als 
Crank axles and webs . 6 1 month 10 000 3 000 3 
Main and side rods and big il 6 1 month a one nate 3 000 1 
ends. 
Motion i 6 1 month 10 000 3 000 3 
Slide valves i} 1 month 12 000 6 000 3 
Piston valves . 6 1 month 30 000 12 000 3 
Pistons 12 1 month 30 000 6 000 3 
Cylinders. 6 1 month 30 000 12 000 3 
Lubricators . 6 1 week 6 000 5 000 1 
Bogies and ponies 1 Intermediate} 1 month 20 000 6 000 3 
repair. 
Spring gear 1 6 1 month 45 000 6 000 1 
Engine and tender drawgear. 3 6 1 month 20 000 20 000 Ons 
Tanks and bunker spaces. 1 12 1 month’ 20 000 3 000 1 
Smokebox and blastpipe . 6 2 weeks 50 000 6 000 il 
Nole. — The maximum and minimum figures above are taken from all administrations, and do not refer to one 


railway only, e. g., 6 months is the greatest time which elapses between boiler examinations on any of the 


railways. 


-" 
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Table showing time taken to effect an intermediate repair. 


RAILWAY. 


America, North and South. 


Argentine Republic. 
Buenos Ayres Great Southern . 
Buenos Ayres and Pacific . 
Buenos Ayres Western . 
Central Argentine . 
Cordoba Central 


Brazil. 
Rio Grande do Sul 


United States of America. 
Baltimore and Ohio 
Delaware and Hudson 
Erie . 

New York Central 
Norfolk and Western . 
Pennsylvania 


Reading 


Richmond, Fredericksburg and Potomac. 


Wabash 


British Empire. 


Great Britain and Ireland. 
Great Western . 
London Midland and Scottish . 
London and North Eastern . 
Southern 
Great Northern (Ireland) . 
Great Southern (Irish Free State) . 


§—15 


7—14 


6—10 
6 and over 
12-30 
10—14 
12 


24 
48—12 


120 
24 


Notes. 


20 days if boiler is changed. 


Week days. Specifically men- 
tioned. 
do. 


do. 


do. 
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RAILWAY. 


Africa. 
Gold Coast Government . 
Kenya and Uganda 
Nigerian 
South African 


Sudan Government 


Australasia. 
New South Wales Government 
New Zealand Government . 
Canada, 
Canadian National . 
Canadian Pacific 
Ceylon, Burma, Malaya. 
Ceylon Government. 
Burma 
Federated Malay States . 
India. 
Bengal Nagpur . 
Eastern Bengal . 
East Indian . 


Great Indian Peninsula . 


Madras and Southern Mahratta . 


South Indian 


Japan and Colonies. 
Japanese Government 


Government of Chosen 


7—10 
8—10 
32 


250—500 
6—10 


20 
28 


14—20 
10—22 


6—12 
23 
24 


89 


Week days. Specifically men- 

. tioned. 

1000 hours for articulated en- 
gines. 


Week days. Specifically men- 
tioned. 
do. 


Schedule. 


Weekdays. Specifically men- 
tioned. 


do. 


en Sites Te a 


‘ 
s 
pat 9 ee we OG OE Sg ttt tm 4 
: 
i . 
en | eng —~ i — * - "4 
id ; 
. } ; 
of ly 
s ’ 
' i 
: 
, 
8 
; H om ma 1 


fehl : APPENDICES Va, Vi, VI and VIL. | 


a a ; zy 
- ; 


342 : 


1V—26 
APPENDIX 
Rail specifications — 
RAILWAY (OR SPECIFICATION). SMEs at EN 
lb. /yd. manufacture. 
70— 84 | 
American Railw. Engineering Association® (A.R.E.A.) 85—100 
specification 1925. 101-120 Open hearth. 
121—140 
AR Me tha 60—100 Acid open hearth. 
British Standards Institution (B.S.I. — late B.E.S.A.) 
No. 9 — 1928 (bull head railway rails) 
Note: No. 11 — 1926 (flat bottom railway rails) : 
is similar, with the following exceptions :—- Basic open a 
Basic open hearth higher carbon: C 0.55—0.68 %, 
S 0.06 % max., P 0.05% max. 
\ Acid Bessemer. 
America, North and South. 
Argentine Republic. 
Buenos Ayres Great Southern Open hearth. 
Buenos Ayres and Pacific . 
Buenos Ayres Western . 
Central Argentine 
Cordoba Central . 5 
Brazil. 
Rio Grande do Sul . A. R. E. A, or 
United States of America. 
- 
Baltimore and Ohio . Similar to A. R. E. A. 
A. R. E. 
Delaware and Hudson 130 aia - 


Erie Similar to A. R. KE. A 


* The designation of the American Railway Association is given as A. R. A. or A. R. BE. A. by various 
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Va. 
hemical analyses. etc. 
Chemical analysis (%). 
; Remarks. 
C. Si. Mn. ee St Pome S(may.) | P(max.) 
0.53—0.70 0.15 min. 0.60—0.90 0.04 
0.62—0.77 0.15 min. 0.60—0.90 0.04 
-0.67—0.83 0.15 min. 0.50—0.90 0.04 
0.72—0.89 0.15 min. 0.50—0.90 0.04 
0.45—0.55 0.15 max. 0.90 max. 0.07 0.07 Ordinary carbon 
0.50—0.60 0.10—0.30 0.80 max. 0.06 0.06 Higher > 
0.45—0.60 0.15 max. 0.90 max. 0.06 0.05 Ordinary » 
0.55—0.65 0.10—0.30 0.80 max. 0.05 0.04 Higher » 
0.40—0.50 0.15 max. 0.70—1.00 0.07 0.075 Ordinary » 
0.45—0.55 0.10—0.30 0.90 max. 0. ue 0.07 Higher 22 
0.60 min. 0.06 max. 0.75 max. 0.04 Pode nes vcarbert » Clarence 
«special » plough steel. 
Not given. 
Not given. 
Not given. 
Not given. 
Prussian State Railways specifications. 
specification 1925. 
specification 1925. : 
0.54--0.67 0.10—0.25 1.30—1.60 0.04 
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specification 1925. 


administrations. The initials used in the replies have been copied into this report. 


APPENDIX Va. (Continued.) 
rr arrrrirecannerseeeinninnnnnnnnnnnnEnEEIeeeeeeceasenenneanEEEEnneninieneaeeeenne 


Weight of rail Process of 
lb./yd. manufacture. 


RAILWAY (OR SPECIFICATION). 


80 Basic open hearth. 
New York Central .. . fF 2 sp acueeeeL eee . ae ; a 
: 105—127 do. 
Norfolk and Western 
Pennsylvania (under revision -— tentatively using). 131 and 152 Basic open hearth. 
Reading= % oa ct. oe. & Ee ee ee Ss A. R. EY A. 
Richmond, Fredericksburg and Potomac. . . . . Res A, R.A Bes Ay 
Wabash so ey chia on nea Gn Seen eee ee =e A. RB. Ae 
British Empire. | 
Great Brilain, 
Great Western)... ps. =: By teeny tee? Sree? enact B.S. [. (late B. E. 8. A.) but with: 
London Midland and Scottish . . . .... . B.S. [. (late B. E. 8. A.) higher carbon. 


London and North Eastern Basic open hearth. 


Acid open hearth. 
} Acid Bessemer. 


Before 1931, B. 8. I. (late B. E. 8. A.) 


Southeriac Mit oe La a sere ys es oo: Open hearth. 
Saat Acid Bessemer. 


Northern Ireland. 
Great Northern (Ireland) . 


Irish Free State. 


Great Southern). » . .j)- = . ace tet he B. 8. I. (late B. E. S. A.) 1922. 
Africa. 
Gold Coast Government. . . . 9. s . «ts . B. 8. I. (late B. E. 8. A.). 
Kenya andw Uganda, Se. is = 7) 1s e meee B. S. I. (late B. E. S. A.) Rep. No. 11 — 1922, © 
Nigerian . Ps CRM Na Coie Ss | Ao nop | ste 
South African Railways and Harbours. . .. . 80 lb. B. S. I. (late B. E. S. A.) F. B. rail used. 
Sudan Government Railways and Steamers . . . ‘ 
Australasia. 
60 and 70 Open hearth. 
New South Wales Government. . ..... . a ie 
100 and 110 do. 
New Zealand Government. . . ....°*.. . B.S. I. (late B. E. 8. A.) Rep. No. 11 — 1926. 


APPENDIX Va. (Continued.) 


Chemical analysis (%). 


ecgacks! 


C. Si. Mn. Ye) Pima, 


0.55—0.68 0.10—0.25 0.70—1.00 ae 0.04 
0.60—0.73 0.10—0.25 0.70—1.00 cet 0:04 
0.62—0.75 0.10—0.25 0.70—1.00 aR 0.04 
0.54—0.67 0.10—0.25 1.20—1.50 a 0.04 


Medium manganese. 


ae sae oh a Not given. 
0.70—0.85 0.15—0.30 0.70—1.00 son 0.04 
peeification 1925. 
pecification. 


pecification. 


0.45—0.55 oe 0.90—1.10 
0.45—0.55 0.10—0.30 0.90—1.10 0.06 0.06 
0,500.60 0100.30 0,901.10 gos” | 0.06 Otherwise similar to B.S.1. 
0.40—0.50 0.10—0.30 0.90—1.10 0.06 0.07 (late B.E.S.A.) spec. 1928. 
0.50—0,60 coe 0.80—1.10 
0.40—0.50 we 0.80—1.10 
Not given. 
ut spec. not given for 50 lb. new section flat foot rail. z 
Not given. 
Not given. 


-90 0.07 


igher carbon — now modified to: 


.60—0.90 0.07 
0—0. 
0—0. 


eeso 
Seer 
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APPENDIX Va, (Continued.) 


Weight of rail, Process of 


RAILWAY (OR SPECIFICATION). Ib./yd manetace 


Canada. 


Canadian/National) 2.) = ar. ene 100 or less Basic open hearth. 
ae 100 Basic open hearth. 
Canadian Pacific . 130 ne 
Ceylon, Burma and Malay States. 
Ceylon Government; 2 2) =.) hee ae Based on B. 8. I. (late B. E. 8. A.) Acid open 
Burma. . . MN hark sake oo x B.S. L. (late B. E. S. A.) Rep. No. 11 — 1926. | 
Federated Matay Sister ace me 
India. | 
50 and under. Basie open hearth 
Bengal Nagpur he eG or ES process. 
Over 90—115 do. 


Indian Railway Board specification. 


B.S. I. (late B. E. 8. A.) Rep. No. 9 — 1928 


; | BS P 
Indian Railway Board specification. 


Eastern Bengal 

East Indian . 

Great Indian Peninsalal 

Madras and Southern Mahratta . 
South Indian 


Japan and Manchuria. 
Japanese State . 


s 38.3, 47.3 and 64.1 Basic open hearth. 
Government General of Chesen P 


Japanese standard 


ES RR 


APPENDIX Vo. 


RAILWAY (OR SPECIFICATION). Process of manufacture. 


Open hearth and Bessemer acid. 


B == — 192 
ig ae: ake (B.S. I. late B.E. S.A.) No. 9— 1928 Open hearth . .—- . 


Bessemer acid . . 3 > = ; 


With the exception of railways using B.S.I. (late B.E.S. A.) specifications for: 


Buenos Ayres:'Great\Southern: =. +). Jo) 2 Leen 
New South Wales Government . : : : = . 
 [Max. stress + 


Japanese State . [1.575 x max. stress in tons 


APPENDIX Va. (Continued.) 


Chemical analysis (%). 
. Remarks. 
C. Si. Mn. | S(max.) | P(max.) 
0.62—0.77 0.10—0.20 0.60—0.90 0.055 0.04 | 
0.62—0.77 0.10—0.20 0.60—0.90 0.055 0.04 
0.68—0.83 0.20 max. 0.70—1.00 0.055 0.04 | 
arth higher carbon, ' | 
Not given. 
0.50—0.60 00.5 min. 0,60—0.90 0.05 0.06 Indian Railway Board spec. 
0.55—0.68 0.05 min. 0.65—0.90 fh agdien ULYCSRS  ceiege e 
0.58—0.70 0.05 min. 0.65—0.85 0.05 0.05 ; ; 
(See Bengal Nagpur Railway). 
a | RRC | Be | i | 230 Not given. 
and Rep. No. 11 — 1926. : 
nw | oo | ES | | ah Not given. 
(See Bengal Nagpur Railway). 
0.45—0.60 0.20 max. 0.60—0.90 0.050 0.055 
yecification No. 90. 


ail specifications. — Tensile tests. 


Tensile test. 


Test piece. Remarks. 
ae ay Elongation %. 
, is Gauge length. Diameter. 
42—50 10 min. either 2” 0.564” Aan Pe heel 
502-53 15:42 inin. } oi 3” 0.798” Ordinary carbon. 
46—50 12 min. : Hipherearbon. 
- do. do. igher 
_ > 50—55 10 min. : 
= fed = a ae do. do. Higher carbon. 
rails, the following are the only railways including a tensile test in their specifications : 
About 55 About 10 | 2” 0.798” | 
Not specified. ey 0.564 


2.5 x elong. %) must be not less than 110 (metric units) ]. " 4 
yer sq. inch + (2.5 x elong. %) must be not less than 110 (English units) ]}. 
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APPENDI 
Locomotive tyre specifications. 

| Analysis'— ‘ 

| : 

| RAILWAYS (OR SPECIFICATION). Class. 

| (Gy. Si. Mn. 

; American Railway Association (A. R. A.) A. 0.50—0.70 0.15—0.55 0.50—0.75 
spec. Recommended practice 1920 (as given B. 0.60—0.80 0.15—0.35 0.50—0.75 
in A. R. A. proceedings, Sect. III, Mech. C. 0.70—0.85 0.15—0.55 0.50—0.'75 
1920). 

| British Standards Institution. (B. 8: = C. 

& 1921 ns 
| late B. E.'S. A.). Rep. No. 24, spec. No. 4. _ a = 1998 mee 
| Messrs. Livesey, Son & Henderson’s, spec. 

. No. 6 — 1920. Ref. D. 700. 

| America, North and South. 

| 

| Argentine Republic. 

| Buenos Ayres Great Southern. . . . . Messrs, Livesey, Son, and’ Henderson 
Buenos Ayres and Pacific => "2 = 2). Aro ai 

| Buenos Ayres Western ...... | Messrs. Livesey, Son, and Hendersor 

| Central"Argentine an ae Seen eee » » » Me: 
Cordobal Centkales =) feng ce aes » » » » 

| Brazil: 

Rio Granderdomsali. 9 s4 om be a ec A. R. A. spec. - 
| Uniled States of America. 

| Baltimore and Ohio AY 0.50—0.70 ~} 0.15—0.35, 6.50—0.75 

B. 0.60-—-0.80 0.15—0.35: 0.50—0.75 
C. 0.70—0.85 0.15—0.35' 0.50—0.75 
Delaware and Hudson ne 
2. 
3. ‘ 
4. : 
Erie . AS 0.60—0.70 0.15—0.35 0.50—0.75 
B. 0.70—0.80 0.15—0.35 0.50—0.75 
C. 0.75——0.85 0.15—0.35 0.50—0.75 
New, Mork Central . 6 “ptiwes ce. ie A. R. A. spec. 


TY. 


hemical analyses and Tensile tests 


Tensile test. 
Test piece. Remarks. 
rs) 2 ee Elong. % | Red. of area (Gauge 
max. max. * min. % min. length 
per sq. inch. x Rae okesk 
a 
0.05 0.05 46.9 min. 12 16 
0.05 0.05 51.3 min. 10 14 27-x:0) 505°” 
0.05 0.05 55.8 min. 8 12 
50—55 13—11 aes 
aa ae 56—62 10—8 x 2” x 0.564”? 
; : 63—69 10—8 35 
0.035 0.035 ~ 56—62 8 ees 2?’ x 0.798”’ 
pecification — See above. 
| we | 25 | oS | } 500 Not given. 
pec. D. 700 — See above. 
» » » » 
» » » » 
See above. 
0.05 0.05 44.6—51.3 14 22 
0.05 0.05 51.3—58.0 12 20 / 2”’ x 0.505” 
0.05 0.05 53.6—62.5 10 18 
49.1—53.6 18—14 oe 
53.6—58.0 14—11 des 4” 
58.0—62.5 11—8 a 
62.5—67.0 8—5 
0.05 0.05 49.1 min. 12 16 
0.05 0.05 53.6 min. 10 14 2’’ x 0.505” 
0.05 0.05 58.0 min. 8 12 
See above. 


IV—3 


APPENDIX VI. (Continued.) 


Analysis — %. 


— EOE eeeeeee“NGD?M0»> 


RAILWAYS (OR SPECIFICATION). Class. 
C. Si. Mn. 


Norfolk and Western . Similar to A. R. A, 


Pennsylvania . » ” 
Reading . pas 0.50—0.70 0.15—0.35 0.75 max. 
B. 0.55—0.65 0.15—0.35 0.75—0.95 
C. | 0.70—0.85 | 0.15—0.35 0.75 max. 
Richmond, Fredericksburg and Potomac . Similar to A. R. A. 
Wabash . Similar to A. R. A. 
British Empire. 
Great Britain. ; 
Great Western = =. 2 Ses ss = « B.S. I. (late B. E. 8. A.) 
London Midland and Scottish. . . . .} OD: > 7 Similar to B. : I. (late B. B. 
London and North Eastern. . . .. . B. 8. I. (late B. E. 8. 
Southern) (ss. eee ee B. 8. I. (late B. E. 8. 
Northern Ireland. 
Great Northern (Ireland) ..... . B. 8. I. (late B. E. 
Irish Free State. 
Great Southern . B.S. I. (late B. E. 
Africa. 
Gold Coast Government . B. S. I. (late B. ES. 
Kenya and Uganda é B. Sate (late B. E. 
Nigerian 9” tics face eee Class D steel, treated with 
South African Rlys. and Harbours. . . B.S. I. (late B. E. s. 
Sudan Government Rlys. and Steamers. . se eat | Ese | | 
Australasia, 2 
New South Wales Government . Acid open hearth ra ina od 
E. Basic open hearth and electric . : 
New Zealand Government. .... . B.S. I. (late B. E. 8. 


Whe 
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APPENDIX VI. (Continued.) 


ee _ee_ eee 


Tensile test. 


ee ee ee Se aoe 


ihe s aot: Test piece. Remarks. 
tS) 1 i stress, | Blong. % | Red. of area Gauge 
max. max. ens. h min. % min. length 
Renisg snc x diameter). 

a 
specification. 

0.05 0.05 46.9 min 12 16 A. 8. T. M | 

0.05 0.05 51.5 » 10 14 for | 

0.05 0.05 55.8 » 8 12 tyres 
specification. 
specification. 
‘lasses not stated. 

S. A.), 1928. 

= | 42-48 | 18-15 | wise | 2” x 0.564” 
\.) 1928, classes C. and D. 
4.) 1928, classes C. and D. 
. A.), class D. 
3, A.), class D. 
A), class D, untreated. 
5. A.), 1928, class D. 
he Sandberg process. 
A.), 1928. class E. 

Not given. 
49—55 14—11 A 
co een 56—62 10—8 oe 2”” x 0.564” 
: ; 63—69 10—8 ee 


A.). Class s not stated. 
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APPENDIX VI. (Continued.) 


RAILWAYS (OR SPECIFICATION). Class. 


Canada. 


Canadian National. =. . =. 2 2's ae 0.67—0.77 0.20—0.35 0.65—0.80 
Canadian, Packiioww = 772 (apse: URteeeeee Ses 0.65 max. 0.35 max. 0.75 max. 
0.75 max. 0.35 max. 0.75 max. 
0.80 max. 0.35 max 0.75 max. 
0.55 max. 0.35 max 0.80 max 


Contains 3% nickel. 
Ceylon, Burma and Malay States. 


Ceylon Government. . . 2. ss . = % B. S. I. (late B. E. 8. A-). 
Bima SS 2 ee to eee B. S. I. (late B. E.'S. A). 
- Federated Malay States . . . . ... B. S. I. (late B. E. 8. A.). 
India. 
Bengal (Nagpur. ko so) ou es ees B.S. I. (late B. E. 8. A.), 
Hastern Bengal” scg00 eg: ea een B. S. I. (late B. B.S. Aly 
Hast,Endian ap ees aay eee Similar to B. S. I. (late B. 
Great Indian Peninsula . ..... . Similar to B. 8. I. (late B 
Madras and Southern Mahratta . . . .J° B.S. I. (late B. E. S. A.), 
South: Tndianys (5)... jets a re Similar to B. 8. I. (late B. 
Japan and Manchuria, | 
Japanese: State 5 3 Wo «As ae aa | = | nits | a 
Acid. 


Government General of Chosen . 


— 
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APPENDIX VI. (Continued.) 


eee 


Tensile test. 


Riaestrcks | Test piece. Remarks. 
SS) P ea SS; | Klong. % | Red. of area Gauge 
max. max, ea Sech, min. % min. length 
a x diameter). 


ee 
Yield point 37.9 tons per| 
inch min. Min. 


3 ” ” er Sq- 

0.045 0.045 67.0 min. 10 20 2”? x 0.505 Be Sen neineeds ah .cens 
tre of section: 245. 

0.04 0.04 46.9—53.6 18 25 2” 0.505”’ Over 63’ outside dia. 

0.04 0.04 Over 52”’ to 63”’ o. d. 

0.04 0.04 §5.8—78.1 18—10 25 272-56 0:505"2, 52” o. d. and under. 

0.04 0.04 Nickel steel tyres. 


(928. Classes not stated. 
Class D. 


Classes not stated. 
’ 


(928. Class D. 
921. Class D. 


BE. 8. A.), 1928. Class D. Min. yield point 50 % of 


max. stress. 


E. S. A.), 1928. Class D. Min. yield point 50 % of 
max. stress. 


(928. Classes not stated. 
E. S. A.), 1928. Class D. 


0.05 0.055 130 minus os os Not given. 
50.8 min. max. stress : 
0.05 0.045 in kgr./mm? 


EEE 
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APPENDIX VII. 


APPENDIX TO QUESTION V-e — « Have you considered any plans for increas- 
ing the distance run by locomotives per day? If so, what are they, and what 


have been the results obtained ? » 


America, North and South. 
Argentine Republic. 
Buenos Ayres Great Southern Railway. 


This matter is always under consideration 
when timetables and engine working diagrams 
are being prepared. In passenger service, oil- 
burning locomotives regularly run distances 
up to 450 miles without change of engine. 
A steam sand-gun is used for tube cleaning 
while running. 


Buenos Ayres and Pacific Railway. 


Through locomotive running has been adopt- 
ed on the principal passenger and freight trains, 
the maximum distances run per locomotive 
being 430 miles on passenger service, and 
300 miles on freight service. Engine diagrams 
are arranged to ensure a quick turn round at 
out-stations. Water conditions being very bad, 
auxiliary tanks of purified water are hauled 
by the locomotives. An additional oil reser- 
voir is fitted to the hydrostatic lubricator, to 
avoid refilling en route, while grease lubrica- 
tion is employed for bearings. 


Buenos Ayres Western Railway. 


This question is dealt with from time to 
time and is satisfactory (verbatim). 


Central Argentine Railway. 


For the past 10 years, locomotive runs have 
been carefully studied with a view to increas- 
ing the daily mileage. For example, in pas- 
senger service, in one case, the locomotive 
mileage has been increased from 158 to 434 
miles per trip, and a link of 13 locomotives 
has been replaced by a link of 6. In freight 


service, in one case, the mileage has been in- 
creased from 156 to 457 miles per trip. and 
a link of 11 locomotives replaced by a link 
of 6. 


Cordoba Central Railway. 


Longer runs have been tried experimentally, 
and then adopted. These have proved very 


_ successful, and have enabled the shed staff to 


be reduced at intermediate stations where en- 


_ gines used to be changed. Nowadays the crews 


only are changed, the engines being pooled. 
This system may be described as a diagrammed 
erew service, ; 


Brazil. 
V.F. Rio Grande do Sul. 


We are always studying means of increas- 
ing the distance run by locomotives per day. 
This has been done in certain cases, by hal- 
lasting the track with stone, which has given 
good results. 


United States of America. 


Baltimore & Ohio Railroad. 


Passenger locomotives run up to 425 miles 
per trip, and freight locomotives up to 356 
miles. 


Delaware & Hudson Company. 


Passenger locomotive crews are operated 
over more than one division, and the mileage 
of locomotives in fast freight service has been 
inereased by prompt terminal attention. The 
results so obtained have been very good. 


Erie Railroad. 


The present arrangement was worked out 
comparatively recently, and is thought to be 


| 


Famed 
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the limit consistent with good operation at 
this time (verbatim). 


New York Oentral Railroad. 


The length of locomotive runs has been in- 
creased to the extent that operating conditions 
will permit. Main line passenger locomotives 
now operate up to 657 miles per trip, and 
freight locomotives up to 800 miles. 


: Norfolk & Western Railway. 


After considerable experiments, we are now 
operating passenger locomotives over four en- 
gine districts (approx. 450 miles), and freight 
locomotives over two engine districts (approx. 
225 miles). 


Pennsylvania Rairoad Company. 


We have not only considered but have ac- 
tually made effective many locomotive runs 
of increased distance. Passenger locomotives 
are run over three locomotive divisions with 
three crews, the crews being changed at the 
end of each division. Freight locomotives are 
run over more than one division by one crew, 
the distance run depending on economic con- 
siderations (i. e., overtime rates), or the 
« Hours of service > law. As a result, the 
number of locomotives required to run the 
service has been reduced, and we have been 
enabled to close down a number of locomotive 

sheds. 


Reading Company. 


Experiments on fast freight trains between 
Philadelphia and Newberry Junction have 
shown that six locomotives can he eliminated 
on three runs, and that we are justified in 
inereasing locomotive mileage wherever pos- 
sible. 


Richmond, Fredericksburg and Potomac 
Railroad. 


Locomotives are only kept in steam as the 
traffie demands, and these locomotives are 
handled, repaired and despatched as promptly 
as possible. For 1929, our average daily 
mileages were : 

Passenger, 224 miles, freight, 137 miles. The 


average of all Class I railroads in the United 
States for the same year was: Passenger 165 
miles, freight, 91 miles. 


Wabash Railway. 


We are operating.a number of passenger and 
freight locomotives over two districts, chang- 
ing crews on the line. The crews of shunting 
engines are changed in the yards. Lubrication 
of locomotives is performed by special men, 
to avoid delay while the crews are being 
changed. 


British Empire. 


Great Britain, Northern Ireland 
and Irish Free State. 


Great Western Railway. 


Matter continually under review (verbatim). 


London Midland & Scottish Railway. 


Expert scrutiny of engine workings is made, 
in order to eliminate standing and marginal 
times. The question of locomotive classifica- 
tion, and design for specific work is under 
constant consideration. 


London & North. Eastern Railway. 


The introduction of a corridor tender, by 
which crews can be changed during running, 
gives a daily mileage in passenger service of 
393 miles, in one case. Freight engine mileage 
has been increasd by changing crews en route, 
and lodging the relieved crew away from 
home. 


Southern Railway. 
This subject is kept constantly under re- 
view (verbatim). 
Great Northern Railway (Ireland). 


Locomotives aré crewed at different points 
which allow a maximum mileage per day 
(verbatim). 


Great Southern Railways (Irish Free State). 


Generally speaking, the distance run per 
day is limited by traffic requirements. On the 
main line, double trips (330 miles per day) 
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have been made possible by special shed atten- 
tion at the end of the outward trip. 


Africa. 


Gold Coast Government Railways. 


Engines work double turns when train serv- 
ice permits, with two or more crews. Results 
show economies in fuel consumption and run- 
ning repairs (verbatim). 


Kenya & Uganda Railway. 


The caboose system has recently been insti- 
tuted on mail trains. Figures are as follows 
(average daily mileage taken over a period 
of a month): Before institution of caboose 
system, 145 miles; best month since institu- 
tion of caboose system, 197 miles; a recent 
month, since institution of caboose system, 168 
miles (due to tube failures) ; with experience, 
it is hoped to reach 2210 miles in future, 


Nigerian Railway. 


Engine runs are being extended as cireum- 
stances permit. Runs of 120, 150 and 186 
miles are in operation to-day, and results ob- 
tained justify further extensions (verbatim). 


South African Railways & Harbours. 


The methods so far adopted are longer loco- 
motive runs where possible at a higher speed. 
Pooling of engines also results in increased 
mileage. Grease lubrication for the coupled 
wheel axleboxes is being extended to the ma- 
jority of our engines, as less time is needed 
for attention, and delays due to hot boxes are 
reduced. + 


Sudan Government Railways & Steamers. 


Rostered engine cycles increased mileage by 
50 %. Through working with double crews 
where applicable, further 50 % (verbatim). 


Australasia. 
New South Wales Government Railways. 


The factors which control the distance a lo- 
comotive can run per day are: 1. condition of 
fire; 2. tender coal capacity. There are now 


in service a large number of engines fitted 
with large tenders, while rocking and drop 
grates are provided in the firebox to enable 
fires to be cleaned, and the ashes discharged 
from the ashpan en route. As a result, pas- 
senger locomotives are regularly running dis- 
tances up to 400 miles per day, and freight 
locomotives up to 266 miles per day. 


New Zealand Government Railways. 


A certain degree of economy has resulted 
from pooling locomotives, and meeting trans- 
port demands with the least possible number 
of locomotives. This, however, is only applied 
to the less important services, as more effici- 
eney is obtained from the crews on more im- 
portant trains if pooling is kept down to a 


minimum. 


Canada. 


Canadian National Railways. 


The mileage has been increased to as much 
as 10.000 miles per month on extended runs 
(verbatim). 


Canadian Pacific Railway. 


Increased mileage has been obtained by run- 
ning locomotives over more than one division, 
and providing for prompt despatching at di- 
vision points. At present, through running of 
locomotives is confined to passenger service, 
and has resulted in the monhtly mileage being 
raised from 4000—7 000 miles, to 9 000— 
15 000 miles. 


Ceylon, Burma, and Malay States. 
Ceylon Government Railway. 


This matter is given considerable thought 
when engine working diagrams are prepared, 
and the best possible use is made of available 
stock (verbatim). 

Burma Railways. 

On goods trains, the engines used to be 
changed twice in 385 miles (166—108—111) ; 
nowadays they are changed once in the same 


distance (166—219). This has worked well, 
and has been extended to the mail train also. 


a, co 
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Federated Malay States Railway. 


The average mileage run per day per loco- 
motive in service is 104 miles, In order to 
obtain the maximum possible mileage, engines 
are re-manned two or three times during the 
24 hours, whenever possible. 


India. 
Bengal Nagpur Railway. 


Double manning has been considered, and 
the design of rest vans is under scrutiny. No 
results so far have been obtained (verbatim). 


Bastern Bengal Railway. 


Systems of pooling and extended runs in 
use on this railway with satisfactory results 
(verbatim). 


Hast Indian Railway. 


General pooling has been tried, but it has 
not been successful mainly due to the increase 
in hot bearings (verbatim). 


Great Indian Peninsula Railway. 


A number of plans have been considered, 
but the main obstacle to a more extensive 
engine usage is the trouble experienced with 
hot axleboxes. There has been a slow impro- 
vement, however (1925, 100 miles per engine 


per day; 1930, 121 miles per engine per day). 
With grease lubrication, it is anticipated that 
this figure will be very much improved. 


Madras & Southern Mahratta Railway. 


This Railway has not been able to introduce 
extended runs to any extent, owing to res- 
trictions of bridges and track over sections 
of line (verbatim). 


South Indian Railway. 


It is the intention to increase the engine 
miles per day by the adpotion of pooling, and 
extended engine runs, but no necessity is felt 
at present to resort to these measures (ver- 
batim). 


Japan and Manchuria. 


Japanese State Railways. 


We are studying the question (verbatim). 


Government General of Chosen, 
Railway Bureau, 


1, As perfect as possible examination and 
repairs, 2. Occasionally during ordinary rest 
time, we use locomotives for other service (ver- 
batim), 
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INTERNATIONAL RAILWAY CONGRESS ASSOCIATION 


12% SESSION (CAIRO, 1933). 


QUESTION I: 


The protection of level crossings in view of modern 
developments in road traffic. 


REPORT No. i 
(America, Great Britain, Dominions and Colonies, China, Japan and Egypt), 


by A. NEWLANDS, ©. B. E., M.1. C. E., Mem., Am. R. E. A., 


Chief Engineer, London, Midland and-scottish Railway. 


Introduction. 


In the construction of railways it was, 
and still is to a lesser extent, the practice 
at times to carry the tracks across road- 
ways on the level of these roadways. 
Roads crossed in this way are, generally 
speaking, of three types : 


a) Public roads which are maintained 
at the expense of the community for 
their use ; 

b) and c) Occupation and private 
roads which are the property of, and 
used by, persons to whom they belong 
or who have private right of user on 
them. 


This report will have reference only 
to railway level crossings over public 
roads. 

The question 6f the protection of rail- 
way level crossings over public roads 
has from time to time received consider- 
able attention from Governments and 
public bodies whose duty it is to protect 
the interests of the travelling public. 

It--is -proposed, in this report, to 


4 


summarise the information derived from 
official publications and from replies to 
a questionnaire issued to Railway 
Companies affiliated to the International 
Railway Congress Association in the 
countries enumerated in the heading of 
this report. 

The existence of a railway crossing 
over a public road must obviously create 
some restriction on freedom of move- 
ment along that road. In the early days 
of railways, this restriction was not of 


the same. moment as it is to-day owing 


to the more leisurely manner in which 
the pedestrian and horse-drawn traffic 
of those days moved along the roads, 
as compared with the speeds at which 
modern motor vehicles traverse the same 
routes to-day. A check of five minutes 
at a level crossing on a horse-drawn 
vehicle moving at 10 m.p.h. only repres- 
ented the time spent in travelling about 
800 yards, whereas it might represent 
to-day, in the case of a motor driven 
vehicle, the time spent in travelling a 
distance of 4 or 5 miles. 

Due to this change in the speed of 
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TABLE I 


i when 


Showing number of public road crossingszover the different types of lines | 
on the railway systems reported on. | 


ee 


Total. 


10 366 
20 T78 


hisr ise 


4774) 4 774 


4 774/107 666 


Main lines. Branch lines. a 
as 
i>} 
Single | Double} Tr our | single |Double | Three | 8 
ine” | tine. | lines, [MOTE] “line. | Tine, [OE more| | 
LS j 
Ast class roads... . | 3 247) 4 778} 481 214 | 2 865 259 23 | 1 8382 
Qnd — —s.ies 7 277| 2 708) 271 285 | 5 736 300 31 | 4 170 
Other — —..... 9 052] 3 475) 496 136 | 9 284) 4 127 59 148 122 
Class of road indetermi- 
DT ee amor omen eT oi) 
19 546| 7 964] 948 | 632 J17 885] 1 686] 1413 ]54.424 
OOM Ota meaner lima eas 48.17| 7.38 | 0.88 | 0.59 | 16.66) 1.57 | 0.04 | 50.30 


4.44 
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TABLE If. — Level crossings over public 
eee 


Main lines. 


Description of roads. 


Single line. 


Double line. 


Three lines. 


Four or more lines. 


ase ans, pUIers coast cs Others) ae dass SABES: idee. eas. Othe reaH 
fn On nee LEEUUESIEEY EISSN EERE 
America’: 3% «Asa 14102 | 5544 | 4456 | 4240 | 1988 | 1 732 168 | 254 459 204 274 53 
Great Britain and 
Northern Ireland. ... 24 35 241 188 301 | 1 427 6 9 33 6 5 76 : 
Irish Free State... ... 9 16 4t 4 16 41 a 
Australia... 0). a5 pas boses | ae ar) ue] (4 Pt 4 | 9 Pe ee 
New Zealand....... 200 | 659 13 39 1 4 
Camadatcety. pers teh e ae 
India and Ceylon... . . 1532 | 662 |3461| 24s] 44) 36] 2 4] 
Crown Colonies, ..... 81 182 | 456 5 . 
Chiat: ea ea. he 36 118 133 38 294 152 
TEPAD areas use eas 137 3 
Egypt and Sudan... . . 14) 53 Ol. AGU a5 n | 
Tot.ls. . . 13247 |7277 | 9052 | 4778 | 2708 | 3475 181 2741 496 244 285 | 136 


- | ¥—— 
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traffic on roads, the incidence of acci- 
dent at railway crossings has entirely 


changed for the reason that much more > 


care is called for in approaching rail- 
Way crossings at the high speeds of 
to-day than was necessary at the former 
low speeds. 

The author proposes to deal with his 
remit under four main heads : 


I. Statistics relative to accidents which 
have occurred in the various countries 
reported on. 


Il. The laws at present in force in 
these countries dealing with level cross- 
ings. 

Ill. An analysis of the methods of 
protection in use at the present time in : 

a) Great Britain and her Dominions, 
Colonies, etc. ; 

b) The American Continent: United 


States of America and South American 
States ; 


c) Other Countries : China, Japan and 
Egypt. 


IV. General observations. 


As a result of the issue of the question- 
naire referred to, of which 87 copies 
were sent out, 55 answers have been 
received. In four cases recipients of the 
questionnaire were unable to _ give 
information in the form asked for as to 
number or description of level cross- 
ings, but a summation of the figures 
received shows that there are 107 666 
public road level crossings in the above- 
mentioned countries, and these are classi- 
fied and set forth in tables I and II 
in order of their importance both as 
regards importance of the railway and 
of the roadway. 


roads. Distribution by countries. ; 
Branch lines. Unclassified 
~ as to number and Class 
deseription of lines road 
Single line. Double line. Three or more lines. crossed. ue Total 

indetermi- b 

2 2nd 1 2 nate. 

car bia pihers: aides: sia Others, saad class. |O%ers. | class. ee, Others. 
1299 | 3347 | 4413 87 80 174 13 AT 43 859 932 |42 472 67 44 214 
182 351 | 1513 455 177 884 7 13 45 174 5 816 
88 279 246 8 32 2 2 Me, 3 754 
497 66 | 1553 1 a tana 23 1 4 4 ae os ae iS 2 155 
4(5 | 4242 2573 
403 762 128 085 29 250 
598 | 454 | 41489 1 2 066 9 667 
AT 259 336 102 1 468 
9 38 34 2 a 44 4 965 2870 
30 570 | 2476 | 7565 10 784 
may 2 400 5418 
1 

2865 | 5786 .| 9 284 259 300 | 4427 23 3t 59 | 4832 | 4170 |48 122 4771 107 666 
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These tables have been made as 
comprenhensive as possible. They show 
the number of railway lines crossed by 
1st class, 2nd class and unclassified 
public roads, and these have been 
arranged under the separate headings 
of main line and branch line crossings. 
It will be seen from the tables that 
50 % of the total crossings are unclass- 
ified both as regards the type of line 
and number of tracks crossed, although 
it has been found possible to classify 
them from the point of view of the 
importance of the road. 


Classification of roads. 


There appears to be no uniform 
method in operation whereby roads, and 
the railway crossings on them, in the 
various countries under review, are 
classified with regard to their import- 
ance. In some countries classification 
is based upon the importance of the road 
as affording communication between 
large centres of population. In others 
it is based on the density of traffic on 
the roads, while in some (notably in 
Japan), the level crossing classification 
is based upon the extent to which trains 
pass over it. 

The Japanese method seems to com- 
mend itself as giving the most reliable 
indication as to the delay and risks that 
would be attendant on the use of a level 
crossing. 

In Great Britain roads are designated 
1st class when they connect important 
cities or towns, and 2nd class when 
they connect with ist class roads. The 
classification does not have consider- 
ation to the extent to which a road is 
used by the public, nor to the width and 
constructional type of the road itself. 
Thus there are many 1st class roads, 
particularly in Scotland and in some 
parts of Northern England, which carry 
a small vehicular traffic, whilst in the 
Midlands and Southern England there 
are many 2nd class roads where the 
traffic is very dense. 


In Canada and also in the United 
States of America the classification is 
usually based on road traffic density. 
Roads having an average traffic of 2 000 
or more vehicles per day are designated 
1st class, while those with more than 
600 but less than 2000 vehicles per day 
are designated 2nd class. This, although 
the general principle adopted, is subject 
to certain exceptions as each individual 
State in America has power to make its 
own regulations and laws with regard 
to its roads and their classification. In 
Japan a purely railway user classifi- 
cation is adopted : « 1st class » refers to 
the railway crossing and not to the 
road which crosses it. A «1st class » 
crossing is held to be one which requires 
the services of a watchman for 24 hours 
a day in order to protect the railway 
traffic; a «2nd class» crossing is one 
which needs watching during certain 
hours of heavy railway traffic only, 
while a «3rd class» crossing has no 
railway protection of any kind. 

The Government of India (Railway 
Department) classification has regard to 
the density of traffic on both road and 
rail, whilst in Australia and New Zea- 
land there is no attempt at classification. 

Reverting to the four heads under 
which this subject is to be treated, and 
taking these seriatim, we have: 


Statistics relative to accidents. — 


a)Great Britain. 


In Great Britain accidents at railway 
level crossings which involve loss of life 
or injury have by law to be reported 
to the Minister of Transport and the 
opinion expressed in a report presented 
by the Minister to Parliament, entitled : 
Accidents which occurred on the Rail- 
ways of Great Britain during the year 
1930, is that in spite of the intensive 
character of present-day road traffic, 
an examination of the statistics of acci- 
dents and casualties at public road level 
crossings justifies the conclusion that 
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danger to the public from the existence 
of crossings is not on the increase. 

For 1925-1929 inclusive the average 
annual casualties involving fatal accident 
or injury at public road level crossings 
with and without gates were 18 persons 
killed and 27 injured. This, for the aver- 
age number of motor vehicles licensed 
annually for use on roads for these years 
represents 0.09 persons killed and 
0.14 persons injured per 10000 motor 
vehicles. In 1925 the total number of 
vehicles licensed was 1537 340 as com- 
pared with 2139 975, in 1929. The totals 
for the year 1930, when 2 230 104 vehi- 
cles were licensed, were 11 persons 
killed and 24 persons injured, or 0.05 
persons killed and 0.10 persons injured 
per 10000 motor vehicles licensed 
(excluding pedestrians the figures were 
5 killed and 23 injured) thus shewing 


a definite decrease. Nor does it appear 
that the number of accidents, where 
casualties occur without fatalities or 
personal injuries resulting, is on the in- 
crease, the number in 1930 being 23, of 
which 19 were at crossings provided 
with gates and 4 at crossings without 
gates, whereas the corresponding figures 
for 1929 were 30— 26 at crossings 
provided with gates and 4 at crossings 
without gates respectively. The question 
of the responsibility for such accidents 
has also been inquired into and it has 
been ascertained that in 1930 four of the 
accidents were attributable to- breaches 
of the regulations on the part of railway 
servants, involving 11 persons being 
injured, while 19 accidents were due to 
want of care on the part of the public 
involving 11 persons being killed and 
13 injured. Of the latter class, 7 have 


TABLE IJ. 
: Per Per Number 
40 000 40 000 of Increase 
Z motor motor licensed ‘ 
Year. vehicles. yehicles. | motor 2] c,0Ner, 
vehicles 1925. 
Killed. Killed. Injured. || Injured. | on roads. 
ee 
Total for 1925 . 25 29 
| (pedestrians). (42) 0.46 (8) ee i Ua 
Total for 1926 . 24 31 
(pedestrians). (13) 0.44 (4) 0.185 |41 677 652| 9.2 
Total for 1927 . 8 26 
(pedestrians). ( 6) 0.04 (45) 0.44 | 846 416 20.1 
| Total for 1928 . 18 42 , 
(pedestrians). (14) 0.09 (3) 0.06 \1 998 384 30.0 
Total for 1929 . 16 30 
(pedestrians) (45) 0.08 ( 8) 0 44 |2 139 975 39.2 
Totals. 91 428 9 199 767 
Average per year . 48 0.098 26 0.14 |4 839 953) 19.7 
msiter eee es 14 24 
atareee ke. (6) 0.05 (4) 0.40 |2 230 104) 45.0 
EEE —__—__ ne 
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reference to pedestrians involving 
6 killed and i injured and the 
remainder to road vehicle drivers — 
involving 5 killed and 12 injured. Table 
Ill below sets out the annual casualties 
at public road level crossings with and 
without gates for the five years 1925 to 
1929 inclusive, together with the corres- 
ponding number of road motor vehicles 
and the ratio of killed and injured 
including pedestrians per 10000 motor 
vehicles, and compares these figures 
with those for the year 1930, which is 
the latest year for which returns are 
available. 

The totals for the same crossings for 
the year 1930 shew a definite decrease 
rather than an increase in the number 
of casualties. 

If we include the accidents brought 
about by pedestrians at level crossings 
it appears that one person is killed per 
annum to every 500 crossings which 
exist, while one person is injured to 
every 230 such crossings. It is not the 
general practice, however, for Railway 
Companies to report to the Ministry of 
Transport accidents occurring at level 
crossings unless a collision with rail- 
way vehicles results; for 1929; 153 and 
for 1930, 127 such accidents were report- 
ed to the Ministry, but as the Railway 
Companies do not report the cases where 


public road vehicles run into closed 
gates at level crossings, these figures in 
all probability represent only about one 
quarter of the number of accidents which 
occurred. Such accidents may be taken 
as due to want of care on the part of 
the road user, and although these involve 
no personal injury they involve consider- 
able material damage both to vehicles 
‘and to the property of the Railway 
Companies, and what is of more import- 
ance, each such occurrence is a potential 
source of accident which might involve 
serious injury or loss of life. 


b) United States of America. 


In the United States of America we 
find, from the statistics published by 
the Interstate Commerce Commission for 
1929, that during the 13 years 1917 to 
1929 inclusive, the number of motor 
vehicles increased more than five-fold, 
while the number of killed and injured 
in connection with motor vehicle acci- 
dents at level crossings about doubled it- 
_self. The number of killed and injured 
per 10 000 automobiles registered is given 
in 1917 as 2.17 ans 6.02 respectively, 
as against 0.64 and 1.96 in 1930. This 
shews a reduction of about 70 %. It 
should be noticed that in America 
although the rate of killed and injured 
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TABLE © 


Grade crossing accidents divided as 


KIND OF PROTECTION. 


Number of accidents. 


Gates 
Watchmen . 
Signals . 


Unprotected 


Totals. 


240 | 227 192 179 180 
} 
568 | 603 606 | 643 642 
TT | S84 922 | 4 089 4 194° 
go7 | 4 448 | 3876 | 3 844 3 899 
5 452 | 5862 | 5596 | 5 752 ) 
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has been diminished, the incidence of 
accident is still greatly in excess of that 


in Great Britain. 
TABLE IV. 


Number of level crossings. 
————————— eee 
Kind 
of protection. 


1925. 1926. 1927. 


| 


Gatesiess ois: ot 6 386 6 470} 5 957 
] Watchmen ...| 7 935) 7 765) 7 554 
Signals... . . 42 964] 13 992] 15 218 
Fixed signs . . . | 202 348| 202 620] 203 817) 


Tolal. . . } 229 633] 230 547} 232 541 | 
Unprotected. . . 4 068} 4 641) 3 742, 
Grand total. | 233 704) 235 458] 236 283 


4 457; 4 125 


Increase. .... 


Table IV shews for three years the 
comparative level crossing figures and 
the various methods of protection in 
operation, from which it will be seen 
that the number of crossings protected 
by gates and watchmen is decreasing 


to the type of protection (U. S. A.). 


cat A sl eae ai 


while the number protected by fixed sig- 
nals is increasing: 

Table V shews grade crossing acci- 
dents divided as to type of protection 
and the deaths or injuries incurred div- 
ided as to type of vehicle. 


Table VI shews the number of regist- 
ered motor vehicles for the years 1925 
to 1930 inclusive and the ratio of acci- 
dents to the- total number of licensed 
motor vehicles. It is a matter of interest 
to note that the proportion per 10 000 
motor vehicles both in killed and injur- 
ed shews a steady decrease, dropping 
from 0.90 to 0.64 killed and 2.98 to 1.91 
injured during these six years. 

American opinion may urge that the 
diminution in the number of accidents is 
to be attributed to the increased number 
of fixed signs and signals now used as 
against the passing practice of having 
level crossing gates and watchmen, as 
the former method of protection is seen 
to be on the steady increase while the 
latter is decreasing, but one has to 
remember that the number of accidents 
is also decreasing steadily in Great Brit- 
ain where practically no use is made of 
fixed signs and road signals, and gates 
and watchmen are the usual: form of 
protection. Further reference will be 
made to this point under the third head- 
ing to be considered. 


Killed. Injured. 
i925 | 1926 1927 | 1928 | ise9 | 1930 | 1925 | 1926 | 1927 | 1928 | 1929 | 1930 
Peeeeme | ice |. es | sk | «3 |. 43 | ae | ee | toe |) 348 83 
ites (ae por | ate | tet | 184 | 118 0B} 762 | 808. |. B82 
Peps us| “gor | eis | soa |. sev | sepa OB | 4 ig0 | 1 344 | 4 Aes 
1535 |1718 |1637 |16m |1eio | 1272 | 4 811 | 50r9 | 4664 | 4659 | 4514 | 3 729 
2206 | 24st [2st | 2 568 | 2495 | 2020 | 6555 | eon | 6613 | 6666 | 6 804 | 5517 
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TABLE Y.— (continued). — Deaths and injuries divided as 


Killed. 
1925 1926 1927 1928 1929 1930 
Motor propelled MTT 2 080 1 992 2175 2 108 1 712 
Animal drawn . 62 49 33 54 28 20 
Pedestrian 299 300 299 209 307 257 
Miscellaneous 48 62 47 43 42 31 
Totals 2 206 2 491 2 3741 2 568 ‘ 2 485 2 020 
al 
s 
TABLE VI.— A — Number of motor vehicles registered on 34 December of each 
year in the U.S. A. Percentage 
increuse 
over 1925. 
1925 — 19 954 357 — 
1926 — 22 046 957 10.5 
1927 — 23 127 000 15.9 
1928 — 24 493 4124 Pani 
4929 — 26 501 443 32.8 


1930 — 26 523 779 


33.0 


B. — Ratio of accidents to total number of licensed motor vehicles (U.S. A.’: 


1925 . 
1926 . 
A927. 
1928 . 
1929 . 
1930 . 


1925 . 
1926 . 
A927 = 
1928 . 
1929 . 
1930 . 


c) Canada. 


1 
4 
1 
4 
1 
1 


eee eee 


In Canada we find that much the same 
methods of protection are provided as 
in the United States of America. Gates, 


watchmen, bells and fixed signs and 


» 


Killed. 
per 44 404 vehicles. 0.9 per 10 000 vehicles. 
40 599 “ 0.94 » ” ” 
11 640 * 0.86 » ” ” 
41 264 ” 0.89 » ” * 
12 571 ” 0.795 » ” ” 
45 492» 0.645 » > » 
Injured. 
per 3 360 vehicles. 2.98 per, 10 000 vehicles. 
3 460 ” 2.89 » > * 
3 800 ” 2.63 = . . 
3 922 ” 2.55 = » Ps 
4 154 * 2.44 on » ” 


5 074 ” 49T .» » . 


signals are all in general use throughout 
the Dominion. Under this system for the 
five years 1924-1928 inclusive the total 
number of accidents at level crossings 
was 1476 resulting in 571 persons being 
killed and 1946 being injured. The 


nad te 
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“Vez ; 
30 type of vehicle (U.S. A.). 
Injured. 

1925 1926 1927 © 1928 1929 1930 
eee ee 
5 938 6 371 6 085 6 244 6 373 5 227 

455 126 100 81 Tigh 47 
273 261 2419 193 2417 147 
4189 233 209 148 137 96 
6 555 be 6 991 6 613 6 666 6 804 6 517 


_ incidence of thgse accidents was as 


follows : Killed, Injured. 
_a) Crossings protected by 
Babes eer. We cee ts 24 68 
b) Crossings protected by 
bells oH oger 78 242 
c) Crossings protected by 
watebmen) <2. : 8 al 
d) Crossings unprotected. 461 1485 
Total. 571 1946 


The average per year for these five 
years was 114 persons killed and 389 
injured. From this it appears that : 

Killed. Tnj ured. 


361 


324 accidents at protected 
crossings involved .... 


1152 accidents at unprotec- 
ed crossings involved 461 1585 


110 


but there is no comparable data shewing 
the proportion of unprotected to protect- 
ed crossings for those 5 years. In the 
year 1929, however, there were 2 568 
protected: crossings and 28771 unpro- 
tected crossings, which gives some indi- 
cation of what the probable proportion 
was during the five preceeding years. 
Table Vii shews the number of persons 
killed and injured at public road cross- 
ings for the years ending 31st December, 
1924-1928 inclusive, and from this it will 
be seen that whereas the number of 


accidents occurring at level crossings 
protected by gates has decreased, those 
at unprotected crossings have increased 
nearly 50 %, but no information is avail- 
able with regard to the increase or 
decrease at protected level crossings. 
The following extract from the statistics 
of the steam railways of Canada for the 
year ending 31st December, 1929, gives 
a summary of the accidents which 
occurred at highway crossings during 
that year, and it is of interest to note 
that in this case 27 % of the protected 
crossings were in urban areas and only 
4 1/2 % in rural areas. The extract 
reads as follows : 


128 persons were killed at highway cross- 


‘ings including 102 persons riding in motor 


vehicules, 6 persons riding in other vehicles, 
19 pedestrians and one employee. 


According to the statistics referred to 
there were 1294 persons killed in all 
classes of. motor vehicle accidents in 
Canada in 1929, including accidents in- 
volving motor vehicles and trains, con- 
sequently the 102 deaths caused by trains 
and motor vehicles colliding at level 
crossings constituted 8 % of the total. 
The number of motor vehicles registered 
in the year 1929 was 1195594 and the 
proportion of killed was therefore 10.8 
persons per 10000 motor vehicles. 
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TABLE VII. — A. — Number of persons killed and injured at public highway 


GATES. BELL. WATCH. 
Killed. Injured. Killed. Injured. Killed. 
14 15 10 AT 
1 14 9 50 4 
vi 20 21 65 1 
4 13 16 45 | 
1 6 22 35 6 
B — Number of highway crossing accidents and the nature of same, for each and 4 
a A I a A Sm es EE 
GATES. BELL. 
| 1924 | 1925 | 1926 | 1927 | 1928 |Total.| 1924 | 1925 | 1926 | 1927 | 1928 |Total. 
Automobile . 2 7 10 3 3 25 30 32 39 34 34 | 166 
Horse and rig . 4 1 2 4 3 7 2 Taletea 
Pedestrians . 24 4 ) 12 5 54 4 5 4 3 16 
205 


There were also 404 motorists injured 
at highway crossings, but there are no 
statistics at present available shewing the 
total number of persons injured in all 
motor vehicle accidents. 

There were also 52 other persons in- 
jured at highway crossings, including 6 
employees, 25 pedestrians and 21 persons 
riding in non-motor vehicles. Accidents 
at unprotected highway crossings were 
responsible for 75 % of the fatalities and 
90 % of the injured, but 3 motorists:and 
3 pedestrians were killed at crossings 
protected by gates, and 16 motorists, 
2 persons riding in non-motor vehicles 
and 4 pedestrians were killed at cross- 
ings protected by bells. 


The number of persons injured at all 
protected crossings was 77, including 


51 motorists, 8 persons in other vehicles, 
15 pedestrians and 3 employees, 13 pe- 
destrians being injured at crossings pro- 
tected by gates. 


On 31st December, 1929, there were 


4921 urban highway crossings, of which 
1338 were protected,, and 26 418 rural 
highway crossings, of which 1 230 were 
protected. These include 224 highway 
crossings of Canadian Railways on 
United States territory. 


Other countries. — Short surveys. 


It is not possible to give such a com- 
prehensive survey of accidents for the 
remainder of the countries embraced in 
this report, but some particulars of cer- 
tain sections thereof will form sufficient 
guide to the whole. 
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rossings for the years ending 31 December 1924 -—— 1928 inclusive (Canada). 


[EN. 


very year separate, for years ending 31 December 1924 — 1928 inclusive (Canada). 


UNPROTECTED. 
Injured. Killed. Injured. 
73 220 
66 318 
100 276 
21 79 346 
a 144 425 


TOTAL. 

Killed. Injured. 
94 287 
76 389 

129 370 
99 425 
173 475 


WATCHMEN. UNPROTECTED. TOTAL. 

924 | 1925 | 1926 | 1927 | 1928 |Total.] 1924 | 1925 | 1926 | 1927 | 1928 | rotal.| 1924 | 1925 | 1926 | 1927 | 1928 
3 3 5 8 9 | 28] 1383 | 168 | 181 | 218 | 2554) 955) 168 | 210 | 285 | 263 | 298 
1 1 ram (pact 24) 2t ae ie ee 426) 37 | 28 29 | 24) 35 
1 Dead ut 3: eee Le 16 Ae eee 410 41 TAY 42 AOR ies O seee inane 
5 7 8 9 42 | 44 | 180 | 204 | 224 | 250 | 294 |L 152] 247 | 257 | 303 | 314 | 355 


d) The Dominion of New Zealand. 


New Zealand, with 2573 level cross- 
ings, records the following accidents : 


For the year ending 31st March, 1930, 
there were 99 motor accidents, involv- 
ing 14 persons being killed and 31 injur- 
ed, whilst horse and non-motor vehicles 


‘aecounted for 12 accidents with 3 per- 


sons killed and 1 injured. Of pedestrians 
4 were killed or injured. This shews 
0.044 accidents per crossing. 

For the year ending 31st March, 1931, 
there were 103 accidents in which 
motors were involved, resulting in 18 
killed and 34 injured, while the acci- 
dents to horse and non-motor vehicles 
fell to 6 with only 1 person injured. 


Pedestrians killed were 4, with no injur- 
ed. This shews 0.044 accidents per 
crossing. 


e) Australia. 


The figures for the New South Wales_ 
Government Railways provide a useful 
index as to the conditions existing in 
the Commonwealth. With a total of 
3.675 level crossings there were 212 ac- 
cidents during 1930, or 0.06 accidents 
per crossing. 


f) India. 


From India there is little information 
as to the total number of level crossings 
existing. Nearly 4400 crossings are 
known to exist at which 46 accidents 
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occurred in 1930-1931, or rather over 
1 to every 100 level crossings. 

It is alleged that two-fifths of these 
accidents were due to negligence on the 
part of railway companies’ servants, and 
three-fifths to the negligence of the road 
users. 


Summary. 


The conclusion which may be arrived 
at, after consideration of these facts and 
figures, is that although the number of 
vehicles and especially quick moving 
vehicles on the road — has increased to 
an enormous extent (in Great Britain, 
as an example, roads have had to be 
widened and new roads constructed in 
order to cope with the growth of road 


traffic), yet the number of accidents at. 


level crossings instead of increasing at 
the same rate as the increase of vehicular 
traffic, is actually 
decrease. It may be inferred, therefore, 
that road users are of necessity becom- 
ing much more observant and more vigi- 
lant in using the roads. They are more 
on the look-out for signs and obstruc- 
tions, and are consequently not taken 
‘unawares when they come upon an un- 
expected level crossing closed by a gate 
or otherwise protected. In this country, 
Highway Authorities and such organisa- 
tions as the Automobile Association and 
the Royal Automobile Club are sanction- 
ed by the Ministry of Transport (under 
Section 48 of the Road Traffic Act of 
1930) to erect warning signs at difficult 
corners, cross roads, dangerous hills and 
such like for the instruction of the motor- 
ist. A further point is that the increas- 
ing use of the roads is developing a 
«road sense» in drivers, and has also 
led to the development of a code of 
hand and horn road signalling amongst 
drivers themselves which tends towards 
increased security on roads. 


Laws and regulations at present 
in force. 


The laws at present in force with 
regard to the construction and operation 


shewing a steady 


of railway level crossings may be briefly 
summarised as follows: 


a) Great Britain. 


In Great Britain the legal enactments 
for the protection of level crossings are 
laid down in various Acts of Parliament, 
the chief of which are the Railway 
Clauses Acts of 1845 and 1863, and for 
Light Railways the Act of 1896. 

By the Act of 1845 the railway com- 
pany has to provide and maintain gates 
across any public carriageway which 
is crossed on the level and employ per- 
sons to open and shut the gates and such 
gates have to be kept closed across such 
road on both sides of the railway, except 
during such time as road traffic may 
cross. The gates have to be of such 
dimensions that when closed across the 
railway they shall fence it in. If, how- 
ever, it is thought desirable by the 
Minister of Transport in any particular 
case, that it is more conducive to public 
safety, he may order the railway com- 
pany to keep the level crossing gates 
closed across the railway except during 
such time as railway traffic shall have 
occasion to cross the road. 

In both cases a penalty of £2 may be 
inflicted every time a railway gatekeeper 
fails to return such gates to their original 
position after the passage of the road or 
rail traffic, as the case may be. Where 
a railway crosses a turnpike road adjoin- 
ing a station, all trains, before passing 
across such level crossing, have to reduce 
speed to 4 m.p.h. and the Minister of 
Transport is empowered to make any 
rules and regulations with regard to such 
crossings from time to time as he shall 
deem necessary. (This requirement, as 
to speed, is seldom enforced in practice). 

By the Act of 1863 it is not lawful 
to shunt trains across level crossings, or 
allow any train, engine or vehicle to 
stand on the same. Railway companies 
also have to provide and maintain a 
gatekeeper’s house at public carriage- 
road crossings, and are subject to any 


341 
J--15 


regulations which the Minister of Trans- 
port may from time to time make with 
regard to such crossings and the speed 
at which trains may cross. Powers are 
also conferred by which the Minister can 
require a railway company to erect a 
bridge’ in lieu of a level crossing on 
grounds of safety and also require the 
company to carry out works best adapt- 
ed for removing or diminishing the 
danger arising from the crossing. 

The requirements of the Minister of 
Transport, dated 1928, have been compil- 
ed after consultation with the railway 
companies and although they have no 
legal force, are generally worked to by 
_the railway companies. They provide 
that : 

Crossing gates must be constructed to 
close alternately across the railway and 
across the road on each side of the 
crossing —- they must be hung so as not 
to admit of being opened outwards to- 
wards the road, and must be provided 
with stops to keep them in position. 
Where the normal position of the gates 
is across the roadway, the gates must be 
worked either from a signal box or by a 
gatekeeper. 

Where the normal position of the gates 
is across the railway, a gatekeeper is to 
be provided, unless, when required, the 
gates can be operated by a trainman. 

Near populous places the gates have 
to be-close barred or covered with wire 
netting. Red discs or targets for daylight, 
and red lamps, one on each side of a 
crossing, for night, have to be fixed on 
the gates, these to shew towards the road 
— also towards the railway if there is no 
fixed stop signal at the gates. Fixed 
signals of the distant signal type are only 
required when a sufficiently good view 
of the discs or lamps on the level cross- 
ing gates is unobtainable. The signal 
may be either a one position unwork- 
able type, when it is only desired to give 
warning of the proximity of a level cross- 
ing, or a two position worked type. In 
this case the signal must be interlocked 


with the gates, and its position then 
informs the driver as to whether the 
gates are closed across the road or not. 
At important level crossings, stop as well 
as distant signals interlocked with the 
gates are required. At level crossings 
operated by gatekeepers a warning, by 
block indicator and/or bell or otherwise, 
of the approach of trains from either 
direction is usually provided. 

At level crossings on light railways, 
when gates are not prescribed and 
cattle guards are used to prevent animals 
having access to the railway, speed 
restriction over and within a distance of 
300 yards of the crossing is imposed, and 
a board has to be fixed at this distance 
on either side to indicate to the drivers 
the maximum speed permitted, together 
with a whistle notice ; and on the road- 
way at each of two points, 50 yards along 
the road in either direction, the railway 
company have to erect and maintain a 
notice board, which is generally fitted 
with reflectors of the cats-eye type 
cautioning the public to « Beware of the 
trains ». 

The position thus is that in Great 
Britain the. railway companies are 
responsible for the provision, mainten- 
ance and operation of gates at all public 
road level crossings. 

The clearance between the gates and 
the lines of railway is usually from 5 
to 6 feet, although cases exist where it is 
as low as 3 ft. 3 in. and as much as 45 
feet where unimportant public roads 
cross railway lines. 


b) Canada. 


The Dominion of Canada Railway Act 
of 1919 provides that as regards level 
crossings : 

a) The Railway Commissioners may make 
such order as they deem expedient for the 
protection, safety and convenience of the pu- 
blie: 

b) Railways shall erect and maintain at 
each level crossing, sign boards hearing the 
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Fig. 1. — Metal flag for crossing watchmen, - 
Canada. 


_ from § alo 6G above the Migway 


Fig. 2. — Highway crossing sign, 
Canadian Pacific Railway. 


words « Railway Crossing » painted on each 
side in letters at least 6 inches in length; 

c) When trains approach a highway level 
crossing, the engine whistle must be sounded 
at least 1/4 mile before reaching such crossing 
and the engine bell must be continuously rung 
from this time until the engine has crossed 
such highway; 

d) Where a municipal bye-law of a city or 
town prohibits such whistling and bell ring- 
ing within its area — such bye-law shall, if 
approved by an Order of the Commissioners, 
relieve the Railway Company from the duty 
imposed in ¢) above. 


The Railway Commissioners have 
issued the following General Orders in 
connection with highway crossing pro- 
tection : 


In August 1922. — That watchmen must 
display by day a metal disc marked « Stop >, 
and by night a red light to warn highway 
traffic that a train is approaching. Where 
gates are provided a hooded red light to shew 
to the highway only must be displayed by 
night. 


In September 1922. — The Order provides 
for the application of the above Order to 
Railways incorporated elsewhere than in Ca- 
nada and owing controlling, operating or 
running trains or rolling stock in Canada. 


In March 1929. — An Order provides for 
the procedure in making application-to the 
Railway Commissioners for the construction 
or reconstruction of level crossings, the per- 
missible width, grades and type of fencing to 
be employed. It also specifies as to signs and 
their location. These are shewn below: 

A further order of this date gives specifica- 
tion for signals at highway crossings and 
instructions for their daily inspection and 
testing and the protection of crossings where 
a signal fails to operate. 


In March 1930. — An Order provides that 
when a train or engine passes over any cross- 
ing protected by automatic signals or auto- 
matic gates and does not go beyond the end 
of the circuit, before making a reverse move- 
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ment over the same crossing, a trainman must 
flag the crossing. 


In April of the same year a further Order 
provides that all railway companies shall 
adopt and use a hand signal by day and a 
signal by clear (white light) lantern at night 
to protect the movements of vehicles over 
railways at highway crossings which train- 
men are required to protect during the time 
trains are uncoupled at such crossings. In May 
of the same year an amendment was made to 
the Order of the previous March by the addi- 
tion of the words < the ends of the circuit » 
at such crossings to be marked by a small 
finger-board with the words « End of block » 
at end of circuit. In the Province of Quebec 
all drivers of moter vehicles must stop before 
passing over a level crossing not protected by 
watchmen, gates or automatic signal device. 


c) Australia and Zealand. 


In New South Wales, statutory regul- 
ation only applies to the closing and 
fastening of unattended public road level 
crossings — the public have to shut and 
securely fasten any gate set up either 
side of a level crossing. For any breach 
of this bye-law there is a penalty not 


exceeding £10, and a notice to this effect 


is provided at such crossings. The staff 
are enjoined to shut any gates left open 
and to report promptly to the traffic 
superintendant of the district any default 
in this respect. 

In South Australia, a bye-law prohibits 
persons from driving vehicles across the 
railway at unauthorised places or across 
authorised crossing places recklessly or 
in a manner likely to cause an accident 
with, or to, a train, or when warned not 
to do so by a Railway employee or by 
any mechanical, electrical or other 
warning device. Anyone infringing this 
bye-law is liable to a £10 penalty. In 
addition to the above there exist rules 
for .the guidance of crossing keepers 
which define their duties and instruct 
them as to what they should do in 
emergency, etc. 


In-New Zealand the Government Rail- 
way Board have to metal and maintain® 
the crossing over the railway and also 
the roadway for a distance of 33 feet 
from the centre of any line of rails 
crossed. 

In 1926 it was enacted that the Board 
might cause such automatic signals to be 
erected in addition to the usual « stop » 
notice boards, as it considers necessary 
for the protection of persons using the 
crossing, but the Board are not liable in 
respect of any accident that may occur 
owing to the temporary failure of such 
signals. By the Amendment Act of 1928, 
every person driving a motor vehicle on 
any road must reduce speed when with- 
in 100 yards of a level crossing to a rate 
note exceeding 15-m.p.h. and must not 
accelerate until such crossing is passed. 
It is the motorists’ duty to keep a sharp 
look for trains and he must not attempt 
to cross until the line is clear. Where 
«Compulsory stop» signs exist, every 
motor vehicle driver must stop at such 
sign for sufficient time to enable him 
to ascertain whether or not the line is 
clear. 

Any person infringing these amended 
laws is liable to a fine of £10. 

The «Compulsory stop» sign was 
provided for in the regulations made 
under the Motor Vehicles Act 1924, con- 
firmed by Order in Council on 3rd April, 
1929. This provides that any local 
authority may erect a traffic sign at any 
place in which in its opinion it is desir- 
able that every driver of a motor vehicle 
should stop his vehicle. 


d) India and Burma. 


No laws, as such, exist in connection 
with level crossings. A document, how- 
ever, is issued by the Government of 
India Railway Department giving a clas- 
sification of, and standard specification 
for, level crossings. Apparently it is 
then left for the railway company to 
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settle with the local governments and 
administrations concerned as to which 
category a level crossing belongs — 
special, A, B, C or D class. The method 
of protection adopted is gates, with 
lights on them at night. Where it is 
considered necessary, conventional signs 
will be erected by the road authorities 
on posts 100 yards from each gate and 
placed close to the edge of the road on 
the left of the vehicle approaching the 
crossing. 

The Great Indian Peninsula Railway 
issue an order of their own that all level 
crossing gates, except those interlocked 
with signals, are normally to be kept 
closed and securely padlocked across the 
roadway, and are only to be opened by 
the gatéman on duty for the passage of 
road traffic. He must then shew his 
danger signal (red flag by day and red 
light by night) to stop any approaching 
train until the crossing is clear. 

Where chains are provided instead of 
gates, the chains are to be securely pad- 
locked. At level crossing gates within 
station limits, when shunting operations 
have to be carried out which will foul 
the level crossing, thereby holding up 
road traffic, the gates must not remain 
closed for a longer period than 10 
minutes if any road traffic is waiting. 
At level crossings provided with an 
electric bell or gong or telephone com- 
munication the gateman on duty, when 
advised of the approach of a train, must 
not open the gates for the passage of 
road traffic until the train has passed. 
Red lamps at busy level crossing gates 
are to be provided on the gate wings 
to shew a light in each direction along 
the line when the gates are closed against 
a train and along the road in each direc- 
tion when the gates are closed against 
the road traffic. The gateman is respons- 
ible for seeing that the crossing as well 
as the channels for the railway wheel 
flanges are kept clear of all obstruc- 
tions. 


e) Ceylon. 


Here gates have to. be provided by, 
and at the cost of the railway company 
at all public road level crossings which 
are deemed by the Governor to be other 
than a minor crossing. These are kept 
closed across the railway except when 
in use. The Governor has power by pro- 
clamation to alter or vary the designa- 
tion of any crossing and to provide for 
the gates being closed across the road 
instead of the railway in any case 
deemed expeditious. In the case of 
crossings designated as minor crossings, 
the gates are kept closed across the road 
and are fastened with a padlock. 


f) Africa. 


In Kenya and Uganda there exists a 
Railway Ordinance for the year 1927, 
where it is laid down that the Governor 
in Council may require the High Com- 
missioner to provide either a level cross- 
ing or an over or underbridge and 
approaches where the railway crosses a 
road, and it also empowers the Governor 
in Council to at any time, in the case 
of a railway that has already been con- 
structed, if it appears to him necessary 
for the public safety, require the High 
Commissioner to provide a bridge and 
approaches in lieu of a level crossing, 
and before the High Commissioner 
executes any works the Governor in 
Council shall take into consideration any 
representations made by the High Com- 
missioner and the Road Authority ; the 
apportionment of the cost of construc- 
tion and maintenance to be determined 
by agreement between the High Com- 
missioner and the Road Authority, and, 
failing agreement, by the Governor in 
Council. 

In Nigeria the railway company has 
to maintain a clear view at level cross- 
ings for both locomotive drivers and 
road users by clearing all land within 


‘the railway boundary from the point 


where the road crosses it to a point 500 
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feet in either direction from the crossing 
along the railway, and it has to maintain 
all necessary warning and whistle 
boards, lamps, etc. Where a new road 
is constructed on the level across an 
existing railway the Road Authority has 
to undertake work and maintenance 
under agreement with the railway. 
There are no laws relating to level 
crossings in Rhodesia and Mashonaland. 


g) United States of America. 


In the United States of America there 
are no national enactments or regulations 
governing the protection of level cross- 
ings, the installation of protective 
devices and rules for operation at each 
location being covered by order of local 
Government State Commission or other 
governing body having jurisdiction over 
the crossings in that State. 

The requirements of each State vary ; 
in some States, as in Georgia, Michigan, 
Ohio, Indiana, Illinois, Missouri and 
Iowa, crossing gates are not considered 
efficient or satisfactory for the present 
high speed road traffic and are being 
replaced with advanced warning signs 
and flashing signals. 

In Georgia a crossing is classified as 
«safe» or «unsafe» according to its 
degree of visibility, and the requirements 
are that a crossing classified as « danger- 
ous» shall be protected by a white sign 
with red letters 10 feet from the ground 
and 40 inches in size fixed on the right- 
hand side of the approach 100 feet froin 
the crossings and lettered in 9-inch letters 
«Georgia Law — Stop — Unsafe. R. R. 
Crossing », and the motorist is required 
to bring his vehicle to a dead stop within 
50 yards from the nearest rail before 
proceeding to cross the track. «Safe» 
crossings are required to be protected 
by exactly the same advanced sign, but 
the lettering is altered to « R. R. Cross- 
ing — Slow down to six miles — Ga. 


“Law ». 


In the States of New York, Massachu- 
setts, Indiana, Illinois, Michigan and 


Pennsylvania, the railways are also re- 
quired to furnish advance warning signs 
which are erected along the highway 
approximately 500 to 600 feet from the 
crossing. i 

In the State of Ohio these signs are 
only required at extra hazardous cross- 
ings. It should be noted here that all 
these signs have to be furnished by the 
railroad company but are erected by the 
highway maintenance authority, 

‘The Rules and Regulations for the 
State of Virginia under Section 2145 (6) 
1926, Section 5, order that: 


a) Except in cities and incorporated towns 
it shall be the duty of every person driving 
any vehicle on a publie highway, on approach- 
ing a place where a railway crosses such 
public highway at grade, at which crossing 
no railway gates are maintained or no flagman 
is stationed and on duty at the time, to bring 
his vehicle to a speed not exceeding five miles 
per hour before passing over such crossing, 
at a distance of not less than fifty feet from 
the nearest rail of such railway tracks. Pro- 
vided, that such person shall stop at such 
crossing where gates are maintained when 
such gates are closed down, or being lowered, 
and where a flagman is stationed and on duty 
at the time, whenever signalled to stop by such 
flagman; provided that this section shall not 
apply to any public railway crossing at grade 
on railway lines on which only purely local 
trains are operated. 

b) The provisions of this section shall not 
change or alter in any manner the existing 
laws as to the duty or liability of railway com- 
panies for damages to persons or property, and 
failure to comply with the provisions of this 
section on the part of the driver of the vehicle 
shall not be considered contributory negligence 
in an action against the railway company for 
damage to persons or property, whether the 
same be injury to the person or property of 
the driver or any other person. And it shall 
not be necessary to establish the fact that the 
driver complied with the provisions of this 
section in order to recover in any action for 
damages to persons or property against a 
railway company. 
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c) Except in cities and incorporated towns 
it shall be the duty of steam railway compa- 
nies to. erect and maintain, at every point 


where a public highway crosses such railway. 


at grade, and on whieh line trains other than 
purely local trains are operated, a sign, visible 
for one hundred feet on each side of its tracks 
with the words « Slow down, five miles — 
Va. Law » in letters at least six inches in 
height painted in black upon a white back- 
ground. Such signs shall be rectangular in 
shape, and of sufficient height to carry in 
two lines the words above required, and shall 
be of proportionate length. 

d) Whenever, in the opinion of the State 
Corporation Commission, after giving notice 
and hearing as prescribed by law, the public 


interest requires that a gate be erected or - 


maintained, or a flagman stationed at any 
highway crossing within five miles of the 
corporate limits of any incorporated city or 
town of this Commonwealth, it shall give the 
superintendent or manager of the railroad 
written notice that the same is required; and 
the company shall, within the time prescribed 
by the Commission, erect and maintain at 
such crossing the character of gate directed 
by the Commission, and keep a man in charge 
of the same during such hours as the Com- 
mission may designate, or keep a flagman at 
such crossing during such hours as it may 
require. And the said Commission may author- 
ise the discontinuance of such gate or flag- 
man whenever, in its judgment, the public 
interest no longer requires the same; and 
provided, however, that nothing herein con- 
tained shall affect any such gates or flagman 
heretofore established or maintained by agree- 
ment. 


e) Any driver of any vehicle included in 
this act and any other person, firm or corpo- 
ration violating the provisions of this act 
shall be fined not exceeding ten dollars for 
each offence. Provided, it shall be unlawful 
for any steam or electric railroad to erect, or 
continue in use, any sign worded Main line — 
Danger — Stop, except as provided in this 
act; and provided further, that no part of this 
act except the provisions of this section shall 
apply to electric railways. 


In the State of Delaware, Chapter 213, 
Vo. 35 of the Laws of Delaware, provides 
as follows, with particular regard to the 
precautions to be taken by persons using 
highway grade crossings : 


Whenever any person driving any vehicle 
approaches a highway or interurban electric 
or steam railroad grade crossing having a 
visible and protective signal giving warning 
of the approach of a railroad train or ear, it 
shail be unlawful for the driver to fail to 
stop beiore crossing such grade erdssing. Vio- 
lation of this provision of the Motor Vehicle 
Law shall be considered a misdemeanour and 
punishable by the same fines and sentences as 
are now provided for by 249 See. 212 of the 
Revised Code of the State of Delaware. 


The penalty for violating the above 
section is a fine of not less than ten 
dollars and not more than twenty five 
dollars and on failure to pay fine, im- 
prisonment not exceeding ten days. 

The requirement in Delaware with 
regard to crossing signs is found in Code 
Section 2035, Sec. 121, which reads: 


Every railroad corporation formed under 
this Chapter shall cause signal boards, well 
supported by posts, or otherwise, at such 
heights as to be easily seen by travellers and 
not obstructing travel, containing on each side, 
in capital letters, at least five inches high, the 
following inscription: « Railroad crossing >, 
to be placed and constantly maintained, at 
such publie highways where it is crossed by 
the railroad at the same level: but such board 
need not be put up in cities or towns unless 
required by the authorities thereof. » 


In the New Jersey Laws of 1924, it is 
provided that every railroad company 
shall cause a conspicuous sign with such 
inscription and of such standard and 
design as shall be approved by the Board 
of Public Utility Commissioners, to be 
maintained at each highway crossing at 
grade so as to be easily seen by travel- 
lers, but that such signs need not be 
maintained in any city, town, borough 
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or village unless required by the muni- 
cipal authorities or by the Board of 
Public Utility Commissioners. 

The minimum duties fixed by statute 
in New Jersey are that a bell or whistle 
be sounded as trains approach grade 
crossings and that signs be displayed 
as above stated. These minimum duties 
will be sufficient unless conditions of 
an extra hazardous nature exist on or 
about the crossing, in which event such 
additional duties will be imposed upon 
the railroads as the circumstances of the 
particular case require. It has been held 
that such extraordinary means of signal- 
ling the approach of trains must be taken 
only in the event of the crossing being 
so, peculiarly dangerous that prudent 
persons could not use it unless these 
extraordinary means were taken. The 
statutes, however, allow the Public Util- 
ity Commissioners a wide latitude in 
fixing what safety precautions should be 
taken by railroads at grade crossings. 

In the State of New York (Public Serv- 
ice Commission) the rules and regul- 
ations governing the installation and 
maintenance of automatic highway cross- 
ing signals are as follows : 


1, Aspect. — When actuated by approaching 
trains, signals shall present to the observer 
upon the highway an appearance of a horizon- 
tally moving red light, the direction of which 
shall reverse alternately in accordance with a 
definite predetermined period. 


2. Support. —— Signals shall’ be supported on 
metal poles not less than four inches in dia- 
meter, securely fastened to an adequate con- 
erete foundation or upon other equivalent 
form of support. Upon special approval by 
the Commission the lamps may he attached 
to the standard crossing sign required by 
section 53 of the Rairoad Law provided that 
sign is of the « X » or cross-buck type. 

The lamps from which the light shall ema- 
nate shall be supported upon a horizontal bar 
attached to the aforesaid poles the lamps 
being mounted symmetrically with respect to 
the pole. The centre line joining the centre of 
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lenses or roundels shall be not less than 6 
feet or more than 9 feet above the surface of 
the highway. Where physical conditions per- 
mit the lower limit should be chosen. The 
distance between the centres of the lamps 
shall be 2 feet 6 inches. 

immediately above the horizontal bar sup- 
porting the lamps there shall be two crossed 
sign boards 4 feet in length, and 9 inches in 
width intersecting at their centres, bearing 
respectively the words « Railroad » and 
« Crossing ». The angle which these crossed 
boards shall make with each other shall be 
$0 degrees. The boards shall be fastened to 
the vertical pole at the point of intersection 
by a suitable device, the point of intersection 
of boards when attached to the pole to be not 
less than 2 feet 8 inches above the line, joining 
the centres of the lamps. Each board shall 
make an angle of 45 degrees with the vertical 
pole. P 

The letters on the boards shall be of Gothic 
type, 5 inches in height and the stroke on 
each letter shall be 1 inch. A border not less 
than one inch wide shall be provided on each 
board. 


3. Location, — The signals may be installed 
either in the centre of the highway or to the 
right thereof as one approaches the railroard. 
One signal must be installed on each side of 
the railroad. In cases where the physical 
characteristics require that the signa} shall 
be located on the left side, such location may 
be used after special permission therefore has 
been secured from the Commission. 


Centre location. — If the signal is installed 
in the centre of the highway, the vertical pole 
supporting the signal shall be supported on 
a block of concrete not less than 2 feet high, 
and 5 feet wide at its widest point. The block 
shall be cast integral and shall be rounded at 
the end facing the traveller on the highway 
approaching the crossing, the radius of such 
rounding to be not Jess than 8 1/2 inches. 
The rear face may be plane or rounded and 
shall be not more than 15 feet from the 
nearest rail; the sides shall be formed in 
easy curves. The side faces above the surface 
of the highway shall have a vertical batter of 
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not less than 2 inches per foot. The pole shall 
be located directly in the centre line of the 
highway and at the widest point of the base. 


The roadway must be increased in width at 
the cressing so that there shall be a clear 
width outside the concrete block on each 
side of not less than 12 feet. The widening 
of the roadway shall be diminished gradually 
away from the railroad so that the normal 
width of the pavement shall be reached at a 
point not less than 75 feet from the signal. 
The widening shall be made with material 
similar to that used in the existing pavement, 
which shall be installed in a proper and work- 
manlike manner. 


Each signal installed in the centre of the 
highway shall be equipped with a reflecting 
white prism located on the supporting pole as 
close as possible to the concrete base. This 
may consist of a single prism or a set of 
prisms. When installed it must be of suffi- 
cient size as to be clearly seen on a clear night 
when illuminated by the headlights of an 
automobile properly equipped in accordance 
with the Motor Vehicle Law, when such auto- 
mobile is not less than 300 feet from the 
signal. 


Side location. —-- When installed at other 
than the centre location, the supporting pole 
must he located to the right of the highway 
as one approaches the railroad not more than 
15 feet from the outside rail of the tracks 
of the railroad, and not nearer than 6 feet 
nor more than 10 feet from the nearest edge 
of the pavement on the highway, unless local 
conditions, such as in city streets, require a 
different location. Should the physical charac- 
teristics require that the signal be located on 
the left side to insure adequate warmng, such 
a location may be adopted, but in ether event 
a specifie location will be designated by the 
Commission upon application by the railroad 
corporation making the installation. 


4. Lights. — The lights shall be actuated 
by electrie circuits through suitable relays, 
and shall indicate the approach of a train 
for not less than 20 seconds before the train 
reaches the crossing, unless local conditions 


require a different interval in the case of a 
specifie crossing, in which event the Commis- 
sion will upon application by the railroad 
corporation fix the required interval. 

Lamps shall be illuminated by electricity, 
and the number of alternations per minute 
shall be not less than 30, nor more than 45. 

All lamps shall be hooded, so as to render 
them as visible as possible in the day time. 
Each lamp when operated at normal voltage 
shall have a range on a clear day, with a 
bright sun at or near the zenith, of not less 
than 300 feet when observed on a tangent. 

The beam spread of each lamp shall be not 
less than 6 degrees each side of the axial beam 
under normal conditions. 


Each lamp shall be equipped with red lenses 


.or roundels which shall have an effective dia- 


meter of not less than 5 3/8 inches nor more 
than 8 3/8 inches. The transmission values 
for such lenses or roundels based on the 
American Railway Association Standard scale 
of values shall be not less than 160 nor more 
than 220 where plain cover glass with reflec- 
tor is used; and not less than 220 nor more 
than 275 where reflectors are not used, or 
where ribbed spread light lenses are used in 
front of reflectors. 

The bulb by which illumination is secured 
shall have a wattage rating which shall be 
best adapted to the type of lamp and lens 
used. 


5. Painting. — The letters on the sign board 
shall be painted black on a white background. 
The border shall be painted black. The ver- 
tical pole from the base casting to the horizon- 
tal crossbar shall be striped diagonally black 
and white; the horizontal crossbar supporting 
the lamps and the lamps shall be painted 
black; above the crossbar the pole shall be 
painted black; the base casting shall be paint- 
ed black. The concrete block shall be painted 
in checkerboard fashion, with black and white, 
each square to be not less than 9 inches. 

In lieu of painted lettering, letters made of 
a reflecting material may be used. In this 
event the background of the board shall he 
black, and the border white. 
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State of Pennsylvania,— Executive ruling 
adopted 8 August, 1927. 


The Department of Highways of the 
Commonwealth of Pennsylvania, The 
Public Service Commission, and such 
railroad companies as may become 
parties hereto, have agreed upon the 
establishment of a uniform type of warn- 
ing signals, as follows : 


1. — When automatic warning signals are 
authorised by the Public Service Commission 
at crossings of state highways with railroads, 
the railroad companies shall erect a signal 
on each side of the railroad which, actuated 
by approaching trains, shall present to the 
highway traveller the appearance of a hori- 
zontally * moving red light the direction of 
which shall reverse alternately. The signals 
ave to be erected and function in accordance 
with the recommendations of the signal divi- 
sion of the American Railway Association 
approved July, 1925. The railroad companies 
affected shall install and maintain the signals 
and the Department of Highways shall pay one- 
half of the cost of installation. If the installa- 
tion is made under contract, competitive bids 
will be requested by the railroad companies; 
ctherwise detailed estimates of the cost of 
installation will be prepared, and copies of 
such bids or estimates will be attached to the 
request for the Department of Highways’ par- 
ticipation in the cost of installation and shail 
be approved as to acceptability by the Chief 
of the Bureau of Accidents of the Public Serv- 
ice Commission. Upon the completion of the 
installation a statement of the actual cost 
will be forwarded together with the completion 
report of the work. 


2. — Where a full view of these signals is 
jess than 500 feet on account of curvature or 
grade in the highway, an additional signal, 
consisting of a continuously yellow flashing 
light, shall be installed approaching the curve 
or grade, so as to give advance warning of 
the curve and the railroad; the Highway 
Department to erect and maintain such 
signals, and the railroad company affected to 
pay one-half of the cost of installation. Copies 
of bids or estimates of cost will be forwarded 


and approved as required where installation 
is made by the railroad companies, and upon 
completion of the work, certified statements 
of the actual cost will be forwarded to the 
railroad companies. 


3. — Approaching dangerous curves, due to 
separation of grade of highway and railroad, 
where, in the opinion of the Chief of the 
Bureau of Accidents of the Commission, addi- 
tional protection is necessary, similar conti- 
nuously yellow flashing lights shall be install- 
ed, under the same conditions, namely, the 
Department to erect and maintain, and the 
railroad company affected to pay one-half of 
the cost of installation. 


4. — The Department of Highways shall 
not permit the erection of any horizontal 
alternately flashing red lights on the State 
highways except for the purpose of indicating 
the approach of trains at such crossings. 


5. — The use of the standard dise approach 
sign shall be continued and additional ones 
erected as necessary, and the Department of 
Highways shall recommend to the Township 
Supervisors the erection of these signs on 
township highways where they are not now 
in use, such dises to be paid for by the rail- 
road company and erected and maintained by 
the local authorities. 


The Department comments on the fore- 
going as follows: 


The scheme would tend to the establish- 
ment of uniform protection devices at cross- 
ings now wholly unprotected and improve- 
ments over devices now in use at others, and 
subject to the following conditions and reserv- 
ations is approved. This approval (1) shall 
not be construed to diminish or in any wise 
change or transfer the primary responsibility 
imposed on railroad companies by the Public 
Service Company Law and furnish and main- 
tain service and facilities at and over grade 
crossings that shall be at all times safe to 
their patrons, their employees and to the 
public; nor to affect the duty of the railroads 
to change the protection measures when neces- 
sary or proper for the safety of any or all 


350 
1—22 


of said classes of persons; (2) is conditioned 
upon notice being given to the Chief of the 
Bureau of Accidents of this (Interstate) Com- 
mission of any proposed installation of lights 
under the arrangement and in sufficient time 
prior to the proposed installation to enable 
said Chief to make an investigation or inspec- 
tion with respect to the crossing conditions 
and the sufficiency of the devices proposed to 
be installed. 


It is interesting to note that in the 
States of New Jersey, Vermont and 
certain others, there are no requirements 
or laws whatsoever, the protection of 
each crossing being left to the discretion 
of the railway company involved, while 
in New Jersey and Delaware the high- 
way traveller has laid upon himself the 


onus of using his eyes and ears in: 


approaching level crossings so that he 
must protect himself from injuries and 
failure to take such precautions may be 
regarded as contributory negligence. 
The State of Delaware, goes even further 
and requires all vehicles to come to a 
standstill before attempting to pass over 
a level crossing. 


h) South America. 


In the Argentine Republic under 
article 5 of Railway Law 2873, paragraph 
8, it is provided that barriers or cattle 
guards shall be provided at all points 
where railways cross public roads or 
streets on the level. These barriers have 
to be closed for approaching trains and 
reopened as soon after as possible. 

The Pacific Railway Company states 
that the Government Railway Authorities 
can call upon them to provide alarm 
apparatus, the cost of which the railway 
company has to defray. In Brazil there 
are two decrees affecting level crossings 
— the first (No. 15673 dated 7th Sep- 
tember 1922) has regard to the safety, 
policing and working of railways. It 
provides that, except in certain specifi- 
cations, there are to be gates or barriers 
on both sides of the railway so as to 


block the street or public road during 
the passage of trains, and that cattle 
guards also be provided on either side 
of the crossing. The Government at its 
discretion may however dispense with 
the use of gates or crossing keepers at 
level crossings where either the road 
user or the railway traffic was light, but 
cattle guards in such cases are to be 
provided and in addition notice boards 
readily visible are to be fixed, at a 
convenient distance, to warn road users. 
Drivers are to whistle when approaching 
level crossings. Notice boards on either 
side of the crossing and at a distance 
of 500 metres are fixed with « Level 
Crossing — Whistle » on them. There 
does not appear to be any provision 
made whereby the drivers’ attention is 
drawn to the presence of level crossings 
at night time. 

By the second decree (No. 18 323 dated 
27th July 1928) for the international 
transit of automobiles in Brazilian terri- 


tory and for the signalling, safety and | 


policing of motor roads warning signs 


Brazil. 


fit 


A. — Closed level crossing. 


Fig. 3. 


as shewn in figure 3, drawings A and B 
above, are to be fixed along the road to 
draw attention to dangerous stretches, 
such signs to be fixed at the roadside not 
less than 150 metres and not more than 
250 metres from the level crossings. The 
Government defrays the first expense 
and upkeep costs. 

Columbian legislation prescribes keep- 
ers at every road level crossing, without 


B. — Open level crossing. 
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any distinction being made as to the 
importance of the road. In one enact- 
ment it prescribes barriers of an auto- 
matic nature, if possible, and in another, 
chains. The intention is to alter the law 
and only to insist on ‘keepers near in- 
habited centres. 

In Uruguay, there are no Government 
or National regulations. The Central 
Railway have their own regulations. 
Special rules apply to meet the necessi- 
ties of the case according to the intensity 
of the rail, and road traffic and the type 
of barriers to be provided. These rules 
are not specified. 

It appears that on the Buenos Ayres 
and Western Railway Limited, practi- 
cally speaking all barriers are manually 
operated, with the exception of four 
cases which are mechanically operated 
from signal cabins, and in these cases 
gates are used and close completely 
across the road and the railway respect- 
ively. 

Other than the gates mentioned above, 
balanced poles without screens are used. 
In 1930, 19 accidents to vehicles took 
place at level crossings, 2/3rds of these 
occurred at unprotected crossings and 
of the 1/3rd at protected crossings, 2 
were due to negligence on the part of 
railway employees and four to the road 
users. 


j) Japan. 


In Japan it is laid down that gates or 
other adequate measure shall be provided 
to protect busy level crossings. The 
regulations for railway construction also 
provide that guards are to.be provided 
according to the density of the traffic 
both by road and rail. On Government 
railways where traffic is heavy during 
certain hours in a day, a watchman is 
stationed at the level crossings for that 
period except where automatic arresting 
devices or proper warning apparatus is 
provided. 


k) China. 


The regulations laid down for this 
country are simple and not onerous, 
providing merely for watchmen at busy 
crossings who are to control the traffic 
when a train passes. The watchmen 
have power to give signals to the engine 
drivers if required. In cases where two 
trains follow one another at an interval 
of 10 minutes, the watchman must stop 
the second, and for this purpose, he is 
provided with a detonator. 


1) Egypt. 


There are several Ministerial orders 
of a general character laid down for 
observance at level crossings of this 
country, but the Regulations laid down 
in the Railway Rule Book incorporate 
these and form the standards which are 
in operation. 

These cover the lighting of lamps at 
gates, the duties of gate keepers, station- 
masters and signalmen where the gates 
are interlocked. 


m) Sudan, Iraq and Federated Malay 
States. 


In the Sudan and Iraq no laws have 
been promulgated as to level crossings. 

There is an enactment of 1912 in 
connection with level crossings in the 
Federated Malay States which provides 
that the Railway Administration shall 
cause gates to be erected and maintained 
and shall employ proper persons to open 
and shut such gates. Gates when closed 
have to fence the railway and are to be 
kept closed against the railway except 
when rail traffic passes. It is lawful 
for the Chief Secretary of Government 
to order that gates may be kept closed 
against the road instead of against the 
railway and he may impose conditions 
with regard to such order. 


Summary of laws and regulations. 


It can thus been seen that there is no 
lack of legislation with regard to protec- 
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tion at level crossings. In fact no country: 
where any appreciable number of such 
crossings occur has failed to recognise 
the fact that their existence justifies very 
special enactments for the protection of 
the public using the railways and roads. 

As has been shewn, however, the laws 
are not only very diverse in themselves, 
but also the stringency of the laws varies 
enormously in the different countries 
under consideration. In Japan, for 
instance, a general statement that ad- 
equate measures are to be taken by the 
railway companies, seems to cover the 
whole situation, while in the United 
States of America very great detail em- 
bodied in a vast number of laws has 
been promulgated. 


Section II. — Methods of protection 
in use at the present time. 


Great Britain. 


In Great Britain it has been the prac- 
tice ever since railways were first con- 
structed to provide gates at public road 
level crossings at the cost of the railway 
companies, and the railway companies 
are responsible for the maintenance and 
operation of these gates. These are usual- 
ly of heavy wooden construction suit- 
ably braced with steel or iron tie rods, 
but in country districts and on narrow 
roads iron gates are sometimes used. 
In populous places it is usual to make 
the lower portion of the gate close-bar- 
red or to cover it with stiff wire netting 
or expanded metal. Of the 5 816 public 
road level crossings existing, the great 
majority are so protected, but at-a few 
the protection is by chain ; where cross- 
ings are unprotected (mostly on light 
railways) warning boards are provided, 
visible by night and by day (generally 
effected by cats-eye reflectors being 
combined with the sign) while in addi- 
tion whistle boards are fixed on each side 
of the crossing. Most of the cases of 
chain protection have been in existence 


a long time, having been provided prior 
to the passing of the legal enactements 
requiring gates to be provided. 

Crossing gates are operated either 
electrically, mechanically, or manually. 
About 49 % of the total number of cross- 
ings are manually operated, indicators 
and/or signals usually being provided, 
and operated by the gatekeepers of 
whom 46 % are male and 54 % female. 
As a rule gatekeepers have a cottage 
provided. 

Only a few crossing gates are electri- 
cally operated, the remaining 51 % being 
practically all mechanically operated. 
The gates may be operated from an 
adjoining signal box and may be, and 
usually are, interlocked with the signals 
where these exist in the neighbourhood 
of the gates. If adjoining railway sta- 
tions, in some cases the gates are oper- 
ated by the station staff, and there are 
cases — a very few — of unimportant 
public road crossing gates which are 
opened and closed by the road users 
themselves. The normal position of the 
gates is across the public road, except 
on light railways where the gates may 
stand across the railway, being opened 
and closed by the train crew. In all 
these cases the railway traffic is small 
and the road user is considerable. With 
few exceptions the gates are fixed so 
that they may close completely across 
the road and/or railway alternately — 
by law they must do so in the latter case. 

Warning signals on gates are generally 
provided by the railway companies. 
These signals take the form of a red 
target of circular or diamond shape for 
daylight use, and a red oil-lit lamp fixed 
to the gate on either side for use at 
night, and so placed that when the gates 
are placed across the road, a red indi- 
cation is given that the road is blocked. 
The targets and lamps also shew towards 
the railway in the absence of a fixed 
stop signal at the gates. Such fixed 
signals are not necessary if a sufficiently 
good view of the discs or lamps is obtain- 
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able by the engine drivers to enable 
them to stop short of the gates when 
closed across the railway. Rarely in this 
country are there any advanced warning 
signs, flashing lamps or any other device 
provided by and at the cost of the rail- 
way companies, to warn road users of 
the nearness of a level crossing, except 
in the case of level crossings on railways 
provided under the Light Railway Act, 
where warning boards have to be fixed 
on the road 50 or more yards on either 
side of the crossing. 

In certain cases ‘warnings to motorists 
are provided by private enterprise or by 
independent bodies of their own volition 
to protect traffic but in these cases the 
warnings give no indication as to 
whether the crossing is blocked or not. 


Canada. 


The railways of the Dominion of 
Canada are under the control of the 
Board of Railway Commissioners and 
highway crossing signs are required by 
them to be placed at all level crossings, 
the installation and maintenance being 
at the cost of the railway company con- 
cerned. The sign takes the form of a 
10-inch post standing about 6 feet above 
the road level with the cross buck sign 
«railway crossing», although in the 
province of Quebec the sign is in French 
and English. At crossings where there 
are one or two tracks only one sign is 
required painted on both sides, but 
where there are more than two tracks, 
a sign is required on each side of the 
crossing, the lettering being painted on 
one side of the cross buck only. 

Where crossings have to be further 
protected, the Commissioners stipulate 
the type of protection to be provided 
and apportion out the division of cost 
as between railways, cities, towns, 
municipalities, provincial governments 
and the « railway grade crossing fund ». 


This fund was created in 1919 by the 


Government of Canada towards helping 
to defray the costs of protection at cross- 
ings. The various methods adopted in 
Canada for the protection of level cross- 
ings are by means of mechanical or 
electrically installed barriers operated by 
gatemen in a tower adjacent to the cross- 
ings and by wig-wags or flashing lights 
automatically operated by approaching 
trains or by watchmen. 


Fig, 5. — Control tower, Canada. 
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Fig. 6. — Canadian Pacifie Railway standard highway crossing 
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The barriers illustrated herewith are Provision is made for side walk attach- 
of lattice design made of wood fitted into ments to protect pedestrians. 
cast iron checks and counter-weighted. The barriers are equipped at night by 
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a lamp fitted with 2 red lenses which can 
be seen on the highway from either 
direction. 

It is important to note that no provi- 
sion is made to equip them with screens 
or fringes except in a few cases. 

The barriers are controlled from a 
tower, a short description of which is 
as follows : 


A roofed hut with glazed windows all 
round about 8 ft. 6 in, by 6 ft. 6 in. 
on plan is elevated about 14 ft. 6 in. ona 
built up steel column about 12 inches in 
diameter, This is approached by means 
of an iron ladder. 


Where a crossing is protected by a. 


watchman only, he is provided with a 
white disc for use by day and red lamps 
for use by night, as already described 
in the paragraph on the laws operating 
in Canada. 


There are some cases where flashing 
lights of the United States pattern are 
in use, but the Railway Commissioners 
have adopted the wig-wag as the stand- 
ard type of signal for Canada, it being 
specially ordered as follows : 


« 1. That, until further notice, the 
specifications for signals at highway 
crossings are and shall be as follows : 


Post. — The signal must be placed upon a 
post of suitable structural material. If the 
post is made of wood it must be of sound 
timber not less than 8 by 8 inches and 18 feet 
long, and shall be firmly set in the ground to 
a depth of-four feet. If it is made of iron 
or steel it shall not be less than 4 inches in 
diameter, shall extend at least twelve feet 
above the ground, and shall be firmly bolted 
to a concrete or other foundation constructed 
below the frost line. 

Bell. — A bell which shall emit a clear, loud 
volume of sound under all weather conditions 
must be used. 


Wigwags. — Wigwags shall be of the three- 
aspect type, and when in operation must shew 
a clear bright light. 


Operation, — The bell and the illuminated 
wigwag shall be controlled and operated auto- 
matically by the approach of trains, in such 
manner that only approaching trains shall 
operate the signal. 


2. That any order of the Board provid- 
ing for the installation of a Highway 
crossing signal and referring to the 
Standard Specifications for Highway 
Crossing Signals, shall be deemed a 
reference to the specification herein 
approved and adopted. » 


New Zealand. 


New Zealand occupies a unique po- 
sition inasmuch as there are no gates, 
barriers or balanced poles anywhere in 
the Dominion. 

At all crossings a notice board is erect- 
ed nine feet from the railway bearing 
the words « Railway — Look-out for en- 
gine ». 

In addition to this, a sign in the form 
of a St. Andrews cross is erected approx- 
imately 440 feet from the railway on the 
roads approaching the crossing. . The 
words on this sign are « Railway cross- 
ing ». Cattle stops are employed to pre- 
vent cattle straying on the line. 

At city crossings where traffic is 
heavy, level crossing keepers are employ- 
ed, who carry a sign mounted on a pole. 
This sign is yellow and has painted in 
black letters the word «Stop». The 
letters are outlined with small mirrors 
so that at night time the wording is 
illuminated by the reflection from the 
vehicle lamps. A warning bell is some- 
times used in addition. 

At most of the more important cross- 
ings in the Dominion, however, all 
motorists are compelled to come to a 
stand before proceeding over the rail- 
way, stopping their vehicle at the notice 
«Compulsory stop » which is erected on 
a stamped steel standard painted yellow. 
This arrangement is being rapidly super- 
seded by the provision of audible and 
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visible bell signals, wig-wag signals and 
flashing lights operated automatically by 
means of track circuits, but flashing 
lights much on the American model are 
to be employed exclusively in the pro- 
tection equipment of further crossings. 

Another form of signal has been used 
in a few cases. It is called the Pearson 
signal and consists of two arms pivoted 
on a common centre. At the ends of 
the arms electric lights are fixed so that 
when these arms revolve a moving circle 
of light is shewn to the motorist. There 
is also a gong attached which is struck 
by loose rings at the ends of the arms 
so that the signal is both audible and 
visual. The arrangements with regard to 
the expense and upkeep of these protec- 
tive devices differ fundamentally from 
those in other countries. The advanced 
warning St. Andrews cross is supplied 
and maintained by the various local 
bodies throughout the Dominion. The 
« Compulsory stop » signs and crossing 
notices placed close to the crossings are 
paid for and maintained by the Railway 
Department, except on main highways, 
where half the cost is borne by the 
Highways Board. Automatic wig-wags 
and flashlights on main highways are 
paid for in equal proportions by the 


Railway Board and the Highways Board 


both as to first cost and upkeep. Such 
devices, erected on the roads throughout 
the country, are installed and maintained 
by the Railway Department. 


Australia. 


In Australia gates interlocked with 
signals are considered as forming a 
substantial physical barrier and are 
regarded as the safest means of guarding 
level crossings. Vertical-bar type pneu- 
matically-operated gates are in use where 
signal cabins are adjacent to road cross- 
ings and where more than two lines 
exist, thus rendering the width of the 
crossings too great for other types of 
barrier. 


Track-circuit controlled flashing light 
signals, and wigwags, but of a revolving 
type, are also employed, drawings of 
which are illustrated (figs. 9 and 10). 


Advance warning sign. 
Located 100 yards. 


Sign used at open level 
crossings. 
Located 10 feet. 


Fig. 9. 


New South Wales has a_ standard 
system in operation agreed with the 
Road Authorities that at all open level 
crossings, i.e., those not equipped with 
gates or booms, a notice with cross-arms 
shewing «Railway Crossing», and with 
a red triangle underneath, fitted. with 
catseye reflectors, is provided on each 
side of the line, 10 feet from the nearest 
rail. These signs are not provided at 
crossings fitted with gates or booms as 


_the gates themselves when closed against 


road traffic are considered to give suf- 
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Standord Warning Sign 
Flashing light signal (standard). 


Wig-wag signal. 


Fig. 10.— Flashing light and wig-wag signals, New South Wales Government Railways. 


ficient warning to drivers of road 
vehicles. 

An additional sign, consisting of a 
white disc with black cross-arms and 
with red triangle underneath, fitted with 
catseye reflectors, is provided at open 
level crossings not equipped with gates 
or booms, where the approach view is 
restricted, and in special cases at level 
crossings provided with gates or booms, 
where the local conditions are such as 
to render these approach signs necessary 
in order to afford adequate protection 
for road traffic. These signs are fixed 
at a distance of not less than 100 yards 
from the nearest rail. 

At existing crossings, the road warn- 
ing signs which are placed 10 feet from 
the nearest rail are provided, erected and 
maintained by the railway authorities 
but the approach signs are only supplied 
by the railway authorities, and are erect- 
ed and maintained by the road authority. 
At new level crossings over existing 
lines, both the signs at the crossings 
and the approach signs are to be suppli- 
ed, erected and maintained by the road 
authority. 

Wig-wags are electrically operated and 
are set in motion by the approaching 


train on arrival at a predetermined 
point, usually about 4000 feet from the 
crossing. 


South Africa. 


The Union of South Africa decided in 
1927 to set up a committee with repre- 
sentatives of the railways and public 
bodies to go thoroughly into the question 
of protection at the level crossings and 
to examine the methods in use in order 
that better protection could be adopted) 
for the type of level crossing which 
would satisfy both the public and the 
railway authorities. The result was a 
seventy-two page report presented to 
both Houses of Parliament on 27th 
December, 1927, out of which a definite 
standard for all future practice has been 
evolved but it will of necessity be many 
years before this standard will be 
universally in use, there being still vari- 
ous types of protection devices in use, 
in what were different provinces prior 
to the Union. Incidentally it is of interest 
to note that the wig-wag was demon- 
strated in South Africa prior to the ap- 
pointment of the Committee and was 
tried by the South African Railways, but 
discarded because of unsatisfactory 
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working, and this device is no part of 
the standard adopted. There is no class- 
ification of roads in the Union but 
there is a classification of crossings as 
follows : 

‘Class 1. Unimportant level crossing. 

Class 2. Level crossings where motor 
traffic is heavy. 


Painted Aluminium 


Mur ~ ray 
Lenses 
(White) 


Cross with Reflectors 


Pole 135 long x4 


Class 3. Level crossings where the 
provisions of class 2 are not considered 
adequate from the point of view of 
visibility and density of traffic. 

The form of protection at class 1 cross- 
ings is an advanced sign in the form of 
a St. Andrews cross painted aluminium 
colour mounted on a telegraph pole thir- 


Packing under 
Wood Clamp for 
focussing 


Fig. 1]. -— Advance warning sign for level crossing protection, South African 
Railways and Harbours. 


Painhed Aluminium 
and Letters Black 


Red Alternating 

Flask Lights 
operated by 

Track Circus 


Board to be ie 


Pole 12' o"long - | 


\a Rodding 2 6 tong 


| 
| 
ik! edt obi 


Fig 12. — Flashing lights for level crossing 
protection, South African Railways and Har- 
hours. 


teen feet high. These signs are fixed 
one hundred yards from the level cross- 
ing on the left hand side of the road 
and so placed as to face direct to 
approaching road traffic in each direc- 
tion. At the level crossing itself there is 
a close-up sign painted aluminium colour 


with the letters « Halt » painted black the 
board being mounted on two poles twelve 
feet long. 

The protection to class 2 roads is the 
same as to class 1 with the important 
addition that each arm of the St. Andrews 
cross in the advanced sign, is fitted with 
mur-ray white reflector lenses seven 
along each arm of the cross ; these lenses 
are focussed by means of an arrangement 
provided, so as to reflect to, the driver 


»of an approaching car the light from his 


own head lights, and each letter in the 
word «Halt» in the close up signal is 
fitted with mur-ray red reflector lenses 
focussed in the same manner. 

The protection of class 3 roads is a 
variation of class 2 to the extent that 
the close up signal is illuminated with 


_ white mur-ray lenses instead of red as 


in class 2, and two red lights are super- 
imposed flashing alternately and operat- 
ed by a track circuit. These flashing 
lights are focussed to throw their beam 
along the roadway. 

Pole gates with or without screens 
and constructed of lattice steel are also 
used in conjunction with the lights as in 
class 3. They are always operated 
mechanically either by a signalman or a 
gatekeeper, but no female gatekeepers 
are employed. 


India. 


The Railway Department of ’ the 
Government of India issue very compre- 
hensive requirements for the protection 
of crossings on the railways. Gates are 
the principal protection prescribed ; 
they are fitted with red lights to the 
road and white to the railway when 
they are closed across the road, with 
white to the road and red to the railway 
when open for road traffic. - All gates, 
if within station limits, are interlocked 
with station signals or if outside station 
limits with special signals provided on 
both sides of the crossing except in 
special cases under rules approved by 
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the Senior Governement Inspector of 
Railways. j 

The lights must be so sighted as to be 
visible for 100 yards from each gate. 
All crossings are classified by the 
Government as being either «special », 
A class, B class, C class and D class, 
and the protection for each is set out in 
schedule form, the number of gatemen 
to be provided for each:class being three, 
two, one, one, and one, respectively. 
Advanced warning signs are only requir- 
ed in the special and the A and B classes 
and consist of a conventional sign erect- 
ed where considered necessary by the 
Road Authorities 100 yards from each 
gate and placed close to the edge of the 
road on the left of vehicles approaching 
the crossing. For the minor classes, 
chains are used instead of gates. 

It is to be noted that nowhere in the 
Dependency are audible or visual signs 
in use and there is a complete absence 
of the «unique » wig-wag device which 
is so characteristic of the northern half 
of the American continent. 

In Ceylon the level crossings on the 
Government Railways are _ protected 
generally by gates interlocked with sig- 
nals. In a few instances warning bells 
are used in addition and, where gates 
are not interlocked, gatemen are employ- 
ed. Flashing lights and the more modern 
protective methods are still in the ex- 
perimental stage. 


Egypt. 


Important level crossings on the 
Egyptian State Railways are usually 
provided with swing gates, rolling gates 
or barriers with screens, such gates and 
barriers being interlocked with signals 
and controlled from a signal cabin where 
possible. If not so controlled, they are 
operated manually by gatekeepers. No 
devices such as wig-wags or flashing 
lights are in operation but an advanced 
warning sign in the shape of a St. 
Andrews cross set on a disc, the whole 


of which is thickly studded with 240 red 
catseye reflectors is being adopted to 
attract the attention of drivers of motor 
vehicles. This device which is pitched 
so as to reflect the head lamps of 
approaching vehicles is easily the most 
striking which has been met with in the 
countries under review. 


Fig. 13. — Advance warning sign, Egyptian 
State Railways. 


Crown Colonies. 


The level crossing problem in the 
Crown Colonies of the British Empire 
is not acute, road traffic not being heavy 
and generally speaking requirements are 
met by the provision of gates or poles 
within the cities and warning boards 
outside. 


United States of America. 


The United States have such a varying 
density of population that it is quite 
understandable that no uniformity of 
practice has been evolved. Moves in the 
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Fig. 14. 


Figs. 14 and 15. — Standard flashing lights, Pennsylvania Railroad, U. 8. A. 


Signs in accordance with fig. 14 used in the States of Pennsylvania, Maryland, Illinois, Michigan, Dela- 


ware, Columbia, Kentucky, Ohio, 


Within the State of New Jersey the plate marked DANGER is omitted. 


Within the State of New York fig. 14 may only be used where flashing lights are not required. 
If flashing lights are required fig. 15 is employed. Within the State of Indiana a plate shewing the number 


of roads must be added (fig. 14A). 
by fig. 14B. 


Within the State of West Virginia the DANGER plate is replaced 


Within the State of Virginia the DANGER plate is replaced by fig. 14C. 
At all crossings where executive authority is given the flashing lights are added. 
Whenever the sign is required in the centre of the road fig. 15 is employed. 


direction, however, are continually being 
made by such bodies as the American 
Railway Engineering Association, the 
American Railway Association, etc., in 
conjunction with the Interstate Commer- 
ce Commission. 

Generally speaking, the advance warn- 


ing sign which is placed on the highway 
at a distance from the crossing is the sole 
attempt at uniformity at the present 
time, but even here there is considerable 
difference in practice in the various 
States both in installation, maintenance 
and location. . 
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Fig. 16. — Standard road crossing sign with flashing lights, Reading Company. 


Sign located in center of highway. 


The United States Department of 
Commerce inaugurated the National 
Conference on «Street and Highway 
Safety » in 1924, when President Hoover 
was the Secretary, and fixed an annual 
meeting in May for the purpose of 
examining and co-ordinating the practice 
of highway traffic, protection, and regul- 
ation. All interested bodies, including 
the National Association of Railroad and 
Utilities Commissioners participate in 
the deliberations. 

The American Railway Association, 
which speaks for the united railway 
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interest, is represented by its « Commit- 
tee on Grade Crossing Protection » in 
order to frame its own proposals with 
the findings of the National Conference. 
Its programme is in three parts : 

1. Unification of State motor vehicle 
legislation. 

2. Unification of municipal traffic 
ordnances. 

3. Unification of streets and highway 
traffic signs, signals and markings. 


All of these have been drafted and 
the « Safety Code of Colours for Traffic 
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Front elevation of sign for use within 
the State of Virginia. 
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In Pennsylvania not less than 5 


Front elevation of sign for general use. 


Fig. 17. — Standard approach warning signs, Pennsylvania Railroad, U. S. A. 


Signals » has been adopted as the nation- 
al standard for the United States by the 
organisation of the American Standards 
Association. Its sponsors are the Amer- 
ican Association of State Highway Offi- 
cials, the United States Bureau of Stand- 
ards (Department of Commerce) and the 
National Safety Council (representing 


the National Engineering Societies). 

United States standard road markers 
and signs have been drawn up by the 
American Association of State Highway 
Officials but the American Standards 
Association have not given them stand- 
ing. 

The methods of protection at present 
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in use are for crossings in the cities, 
generally to have gates, but gates are 
rarely found at points outside the city 
limits. In some cases gates are supple- 


mented by watchmen, audible warning: 


devices such as a gong or locomotive 
type bell, automatic wig-wags, flashing 
light signals, a combination of audible 
signals and watchmen, and the use of 
both audible and visual signs. 

The installation of any of the above 
depends on several variable factors, 


amongst which are the amount of road 
traffic, the physical character of the 
crossing, (that is, whether or not the 
view of approaching trains is restricted), 
and the class of highway, whether trunk 
line or secondary roads. 

The use of watchmen is confined 
entirely to street crossings in cities. 

Audible signals are not favoured at 
busy crossings in residential districts, 
due to the annoyance from the almost 
continual ringing of the gong or bell. 
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A wig-wag signal is a visual signal 
which may be fitted with a bell or gong 
if required. 


Mt ad Canter 


Fig. 19. — Wig-wag signal, ee 
Western Railway, U. 8. A. 


The-swinging disc or arm is operated 
by a motor, or by a track circuit when 
a train is approaching a crossing. 

The flashing signal is a horizontal 
alternately flashing red light which may 


be attached to a higway signal or instal- 
led separately. As the flashing red light 
is very arresting to the eye it provides 


Surface 
of highway. 


Not less than 6 inches. 


Fig. 20. — Highway crossing recommended by 
‘American Railway mpetness ing Association, 
US, Al’ 


Note: 

Paint blades white with black letters and border. 

Locate signs at such points as will admit of the best 
view by persons approaching the crossing. 

Board indicating number of tracks to be used where 
there are two or more tracks. 

The plan shows the sign mounted on a wood post. 
When a post of steel or concrete is used the dimensions 
of the post should be suitable to the material employed. 
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more protection than the usual type. The 
light flashes about thirty times a minute 
as a minimum, with forty as a maximum, 
and the lights are usually fixed from 
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twenty to forty feet away from the cross- 
ing. 

With the growing importance of the 
grade crossing question in America, the 
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Fig, 21. — Wig-wag signal recommended by American Railway 
Engineering Association, U.S. A. 


increase in types of crossing designed 
and promoted by engineering firms has 
been enormous, but it is recognised that 
uniformity of practice and standards in 
signs is of primary importance though 


frequently this objective is lost sight of 
in the glamour of a new invention. In 
this connection it is of interest to record 
only a few of the special types of grade 
crossing protection devices examined 
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Vig. 22. — Flashing lights recommended by 
American Railway Engineering Association, 
Wis Ar 


Advance highway 


: Stop sign to be used 
crossing sign. 


when required by 

law or regulation. 

Fig. 23, — Advance warning signs recom- 
mended by American Railway Engineering 
Association, U.S.A. 


during 1930 by the Committee, which 
recommended that they be laid on the 
table and received as information : 


1. Safe-T-bar automatic highway grade 
crossing barrier of the « Highway Guard- 
ian ». — This is of the gates and lights 
type of protection. It consists of a yield- 
ing barrier arm which can be control- 


-led manually, automatically, or both. 


2. Foard safety device. — This consists 
of lights, gates, and train control. It is 
a device which automatically stops trains 
if obstruction is on the crossing after 
the gates have been lowered. 


3. Yielding barrier gates. — This si an 
automatic yielding barrier gate which 
rises and lowers vertically on a 
horizontal plane. 


4. Max Friedland method. — This 
consists of gates, lights, bells and train 
control; the automatic train control 
device is controlled by the position of 
the crossing gates which once lowered 
cannot be raised until the train is clear 
of the crossing. 


5, The Hubbard smoke signal. — This 
is also known as the auto highway signal. 
It consists of a pipe post set in a concrete 
foundation. The post supports the op- 
erating mechanism consisting of a 
magazine to hold a supply of smoke 
flares, one of which is released and 
ignited by an electric spark- when 
approaching trains enter the crossing 
area. The smoke thus generated is 
thrown across the highway on each side 
of the railway crossing. 


6. Minor super-safety gate and signal 
system. — This operates automatically 
with the approach of a train. Warning 
is given through the medium of a siren 
which is immediately followed by a 
visible signal to highway traffic which, 
in turn, is prevented from entering the 
danger zone by the lowering of the gate. 
Signals are also operated for the benefit 
of train crews by semaphore display of 


- 
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‘a red signal until the approach of the 
train sets in motion the foregoing oper- 
ation which, in turn, opens the track by 
a signal for through movement of a train. 


From these proposals it will be seen 
how very insistent private enterprise is 
in America in providing commercial pro- 
tective devices, although it is doubtful 
if many of these could ever hope for 
more than a purely local adoption. 

Gates are much out of favour in 
America and it will be seen from 
fable IV that there is a gradual but 
ever increasingly progressive elimina- 
tion of this form of protection. The 
American Railway Engineerning Asso- 
ciation after exhaustive enquiries into 
all forms of level crossing protection 
observes in its report that it is recognised 
that ‘even when operated by a gateman, 
he has to depend on his vision and hear- 
ing to tell when trains are- approaching 
and on his judgment as to his action in 
operating the gates — this requires a 
continuously alert condition of mind and 
in foggy weather the situation is particu- 
larly hazardous, as, if the engineman fails 
to sound his whistle the gateman has to 
depend on limited vision alone. Gates 
are frequently run into and when rising 
booms are used, vehicles are at times 
pinned down as they are lowered, result- 
ing in damage to both gates and vehicles, 
and generally, responsible opinion in 
America is that this kind of protection 
is not satisfactory in that it conveys a 
false sense of security to those using the 
crossing and may result in serious injury. 

The same report, in speaking of cross- 
ing watchmen describes them as more or 
less-a relic of the horse-drawn vehicle 
days when positions were often filled 
by incapacitated employees who were 
able to control the leisurely traffic of 
that time, and claims that with the ad- 
vent of automobile traffic, a watchman, 
to be effective, should be alert mentally 
and physically and vested with police 
power to regulate traffic and to deal 


with reckless offenders who may attempt 
to cross tracks ahead of trains in spite of 
warnings as to the danger of so doing. 

Therefore, decision has been reached 
by the American Railway Engineering 
Association that the automatic visible 
signal of the wig-wag or flashing type 
gives the most efficient protection and 
for the following reasons : 


1. It is automatic and does not depend 
on the eyesight or hearing of a watch- 
man or gateman to give warning. 


2. The failure of an engineman to blow 
a whistle has no effect on the signal, 
as action is immediate as soon as a train 
occupies a circuit. 


8. Weather conditions have no mater- 
ial effect on it. 


4. Signals are easily seen and there 
is no mistaking the sign given as some- 
times happens in the case of crossing 
watchmen. 


5. At grade crossings protected by 
gates or watchmen, where protection is 
intermittent or where the protective 
devices are not operated the full twenty- 
four hours, a sign is usually employed on 
which is shewn the hours the protective 
device is not in operation or the watch- 
man is not on duty; wig-wag or flash- 
light signals or automatic gates are oper- 
ated continuously and do not require 
such a sign. 


American practice, therefore, exclud- 
ing ingenious but complicated devices 
which have merely a local interest, is : 


a) The advanced warning sign located 
anything up to 600 feet from the cross- 
ing, having generally in conjunction with 
it a 24-inch metal disc bearing the letters 
«R.R.» mounted on a metal standard, 
at the crossing itself ; 


b) Wig-wag signs or flashing lights 
at important crossings ; 

c) If unimportant, a cross buck sign 
of two blades about 6 to 8 feet long at 
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from 50 to 90 degrees with each other 
mounted on metal points, the blades 
carrying the words « Railway Crossing », 
«Look out for Cars» or « Look out for 
Locomotive » as the case may be. With 
regard to automatic wig-wags and flash 
light signals there appears to be a 
considerable difference of opinion as to 
the merits of the two types of protection. 
Both appear to answer the requirements 
demanded, and the night indication is 
of equal value in both. It would appear 
that the Mississippi river marks the 
boundaries of the partizans of each type; 
to the east of the river flashing signals 
seem to hold the field, while to the west 
of the river, wig-wags are more in 
favour. Great pressure has been brought 
to bear upon the Committee to comprise 


and recommend as standard practice that — 


the railways east and west of the river 
shall adopt the flashlight and wig-wag 
respectively, but it has been recognised 
that this is not the proper solution to 
the problem, and without doubt the 
decision of the Board of Railway 
Commissioners of Canada in adopting 
the wig-wag as the standard type of 
signal in that country has had much to 
do to influence this decision, as the desir- 
ability of uniformity of method through- 
out the North American Continent is 
recognised. 

The question of location of the wig- 
wag or flashing light signal is another 
question upon which opinion is much 
divided, one school favouring a situa- 
tion on the right hand side of the road 
close to the paved portion of the high- 
way and another in the centre of the 
roadway. The advantages claimed for 
the signal being in the centre of the road- 
way, viz., that it divides the traffic, 
enforces reduced speed, and avoids any 
question of the automobilist seeing the 
sign, has appealed fo many engineers. 
The principal objectors are the various 
State Highway Commissioners who in 
general oppose the obstruction of the 
middle of their high speed roads and 


insist on the placing of these signs and 


signals on the side. 


In some States the provision of a 
« whistle » post is prescribed by law, 
generally about 1/4 of a mile away from 
the crossing, and engine whistles are 
to be sounded at that distance. It follows 
that with a train moving at 60 miles 
per hour, the whistle sounds about 15 
seconds before the crossing is reached; 
with higher speeds the time is corres- 
pondingly less, and with slow trains the 
sound might never reach a fast moving 
motorist. Moreover this method of addi- 
tional protection is not very reliable as 
in stormy and inclement weather,. with 
a high wind blowing away from the 
crossing, the whistle might conceivably 
not be heard at all. With flashing signals, 
generally the time of operation is 20 
seconds before the arrival of the fastest 
train to the crossing ; too long an oper- 
ation is considered undesirable, doubt- 
less owing to the temptation it gives to 
«cut across ». The height of the lamps 
is from 6 to 9 feet above the surface of 
the road and they are constructed with 
a-space of 2 ft. 6 in. between the centres, 
the flashing rate being about thirty a 
minute with a range of at least three 
hundred feet in bright sunshine, and 
having a spread of beam of about three 
degrees on each side of the axial line.> 
The lenses are about 6 to 8 inches. in 
diameter. 

With wig-wags the swing of the disc 
is 2 ft. 6 in. between the extreme points 
of its travel, and the speed about 30 
to 40 times a minute backwards and for- 
wards. The dises are fitted with a lamp 
in the centre as powerful as the « flash- 
ing» ones, and this lamp automatically 
lights up when the disc swings. 

With regard to the bell attachment 
which is shewn on the diagrams, its 
value is purely relative, undoubtedly in 
foggy or snowy weather: the audible 
signal has a great value, but generally 
speaking, the penetrative power of sound 
is less than that of vision, whilst many — 
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road vehicles carry with them a vast 
quantiy of sound which if taken in con- 
junction with a high wind would of 
necessity obscure the audible signal. 
Audible signs are recognised now as only 
of value to supplement visual signs. 


Japan. 


Japanese practice does not present 
quite the same clear cut policy as is 
characteristic of the United States, Ca- 
nada or Great Britain. Arresting devices 
such as gates or balanced poles are relied 
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upon for all first and second class cross- 
ings, but such gates are not interlocked 
or controlled by a signal and are oper- 
ated by crossing keepers either male or 


female. Flash lights, bells or lamps are 


used, either in conjunction or separately 
with barriers and are operated through 
a track circuit. 


Figure 24 shews the advanced warn- 
ing signs employed where necessary at 
unprotected crossings (form A), and at 
second class crossings (form B). 
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Fig. 24. — Advanced warning signs employed in Japan at unprotected crossings. 


China. 


Details with regard to China are in- 
complete, the only information avail- 
able being with respect to Manchuria 
and part of the Kwantung leased. terri- 
tory served by the South Manchuria Rail- 


way Company, and the Pekin Hankow 
Railway in China proper, Generally 
speaking, in China and Manchuria 
control and classification of the roads 
is not in a forward ‘state. The method 
in most common use for protection of 
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crossings is the balanced pole with or 
without screen attachment and operated 
by watchmen. As compared with Europe 
and America there is very little road 
motor traffic in China and less in Man- 
churia. 


South America. 


The Republics of South-America are 
not nearly so advanced in their treat- 
ment of this question as is the northern 
half of the Continent. In many of the 
countries wig-wags and flashing lights 
have not passed beyond the experimental 
‘stage. 

Uruguay relies upon gates and barriers 
as the main form of protection, and these 


for the most part are operated manually - 


by female or male gatekeepers, there 
being only two which are mechanically 
controlled by the signalman from his 
cabin, the power meantime being hy- 
‘draulic, to be converted shortly to pneu- 
matic power. 


At only a few crossings in Uruguay 
are audible or visible signs in use and 
they are in conjunction with the bar- 
riers or gates. This form of protection 
consists of two red lights facing the 
roadway which alternatély blink during 
the whole of the time crossing barriers 
are closed to road traffic. 

They are set in motion by the barrier 
guard in lowering the barriers, before 
which, by means of a press button, an 
electric bell is rung which continues 
ringing until the barriers are finally 
lowered and closed to the road. 

There are a few crossing gates which 
are interlocked with signals on double 
track. ‘ 

The Argentine employs gates and 
balanced poles shut and locked from the 
signal cabin at important crossings and 
balanced poles manually operated by 
male or female crossing keepers at 
others, worked either by chain and 


counterweight or by means of a hand 
winch. 

On the Buenos Ayres and Pacifie Rail- 
way there is one set of gates operated 
electrically. This is done by an electric 
pump which is arranged to force oil 
against one side or other of a vane 
which works in a suitably designed 
chamber. This vane moves the usual 
mechanical connections to the gates in 
the direction desired by the signalman. 
The signalman is provided with control 
levers interlocked with the signals. These 
switch in the motor and operate a slide 
valve to control the entrance of the oil 
to that side of the vane which will cause 
the gates to move in the direction 
required. 

This arrangement has given satisfac- 
tory results and relieves the signalman 
of a considerable amount of heavy work, 
which is an important factor where both 
street and railway traffic is intense. It 
has also been found that the operation 
of the gates is slightly quicker than with 
the mechanical gear. 

There are no screens to the balanced 
poles and this arrangement applies also 
to Colombia. 

In Brazil where mechanical signals 
exist mechanically operated gates and 
wickets are provided, and audible and 
visual signs are given before the gates 
are closed to the road. These signs are 
fixed about 50 yards from the crossing 
and consist of an alarm gong and red 
and green lenses operated as follows : 


On the gate stop being reversed to 
move the gates to close across the road, 
the gong rings and the green light 
changes to red, which continues until 
the road is again clear ; the gong ceases 
to ring when the gates are closed. Five 
sets of sound-light devices are about to 
be fixed at unattended crossings of 2nd 
class roads with double main lines of 
railway, where ordinary occupation 
crossing gates exist. These devices 
consist of a red flashing light and alarm 
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gong, mounted on a standard to be fixed 
in the roadway not more than 50 meters 
either side of the level crossing. A train 
approaching the crossing from either 
direction will actuate an electric treadle 
fixed one kilometre distant, which, 
through relays, will operate the light 
and gong simultaneously. These will 
continue to function until the train oper- 
ates a second treadle fixed on the far 
side of the crossing. The devices will 
form the only protection at crossings and 
will not indicate the number of lines to 
be crossed. 


Summary of section. 


In reviewing the practices in oper- 
ation in the various countries it must 
be kept in mind that public road-railway 
crossings exist under statutory authority. 
As regards the earliest of them, and some 
of them are now 100 years old, they 
were probably regarded at the date of 
their construction as not imposing in 
their use any material effect in the free 
use of roadways. It is obvious, indeed, 
from the restrictions imposed on the 
‘earlier railways by legal enactments that 
these early railways had to some extent 
to give way to the requirements of the 
road user. What has entirely changed 
the whole outlook with regard to them 
is that the use made of roads today is 
fundamentally different from what it 
was when the early level crossings were 
_ constructed. Many new railway schemes 
today would, by law, doubtless have to 
provide overbridges where their pre- 
decessors without any objection were 
allowed to construct level crossings. It 
has always been realised, however, from 
the very beginning of railway enterprise 
that where railways crossed public high- 
ways some provision for the safety of 
the public using the road had had to be 
made. It is somewhat striking to observe 
how, with the gradual trend of develop- 
ment in appliances for protection at 
crossings, certain countries, like Great 


Britain and New Zealand, have improved 
and developed their original device, viz., 
gates, with which they originally provid- 
ed protection, but, on the other hand, any 
such procedure may have been more or 
less inevitable in view of the fact that 
many of the early Acts applying to rail- 
ways are still in force. This may explain 
why Great Britain in particular has im- 
proved and developed the use of gates 
as a crossing protection whereas in 
America the modern form of light and 
sound protection without gates is more 
common. It has to be borne in mind 
that America never did have a road 
system in the early days of its railways 
in the same sense as Great Britain had. 
In fact in America the early roads were 
«rail-roads », there virtually being no 
other roads at the date of the first rail- 
way construction in America, and hence 
the retention of the word «railroad » in 
America in describing what is elsewhere 
designated «railway ». The designation 
«highway» is used in America instead 
of «road » in the older countries. Thus 
America has never been trained to the 
gate type of protection, but has suffered 
from a confusion of systems, the result 
of varied types of warning appliances 
of no order or uniformity. It is even 
now reserved to each State to make its 
own laws and regulations as to the 
extent to which safety appliances are to 
be introduced and as to the description 
of protective devices to be used, with 
the result that a motorist travelling from 
one State to another may meet varying 
types of protection at each level crossing 
he encounters, with the resultant confu- 
sion which such a state of things inevit- 
ably brings about. 


Canada. 


Canada seems to have followed more 
closely the example of Great Britain, and, 
generally speaking, one finds a more 
uniform type of protection there. It is 
laid down, for instance, by the Board 
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of Railway Commissioners, that there 
shall be warning signals at all level 
crossings. The whole problem of rail- 
way crossing protection has been dealt 
with in Canada in recent years on a very 
comprehensive standard, the objective 
which is set out to be achieved being 
the elimination of many highly objec- 
tionable crossings. The steps taken are 
briefly as under : 


In 1909, a «railway grade crossing 
fund » was created by Act of Parliament 
in Canada, to which $200 000 was to be 
credited each year from the consolidated 
revenue fund for the purpose of « aiding 
in the providing by actual construction 
work, of protection, safety and conve- 
nience for the public in respect of high- 
way crossings of the railway at rail 
level» in existence on the 1st April, 
1909. Sums from the fund were to be 
applied solely towards the cost, exclu- 
sive of maintenance and operation, of 
actual construction work, and were not 
to exceed 20 % of the cost in the case of 
any one crossing of actual construction 
work, in providing such protection, 
safety and convenience. The sum pay- 
able at any crossing was not to exceed 
$5000, nor could any such grant be 
applied to more than three crossings in 
any one municipality in any one year. 
Finally there was the provision that the 
grant could not be used more than once 
in the case of any one crossing. Provi- 
sion was also made for contributions to 
the fund from any of the provinces, and 
no restrictions were laid down as to 
whether crossings were to be replaced 
by over-line or under-line bridges or by 
diversion, provided that the number of 
railway tracks did not exceed four. .The 
term «municipality » covered: a city, 
town, village, county or township. 

In 1914 the annual grant of $200 000, 
originally limited to a five-year period, 
was extended for a further five years, 


and at the end of this latter period, that 
is to say in 1919, this provision of the 
Railway Act was amended somewhat in 


. the following sense. 


In future sums appropriated to the 
railway grade crossing fund were to be 
applied solely towards the cost of actual 
construction and the percentage limit 
raised to 25 % in the case of any one 
crossing, and was not to exceed $15 000, 
with a maximum of six crossings in any 
one municipality each year ; where a 
province subscribed to the fund it poss- 
essed the right to apportion its own 
contributions. The amendment specific- 
ally included «protection, safety and 
convenience for the public», and the 
period of the annual grant was extended 


-for a further ten years, that is to say 


until 1929, The next change occurred in 
1926 when the maximum percentage 
grant in and from the fund was raised 
to 40 %, with a maximum of $ 25000 
per individual crossing. 

During 1928 a further amendment was 
passed, so that contributions from the 
fund could be made towards the elimin- 
ation of those crossings constructed since 
1st April, 1909, but not applicable to any 
to be completed after 1st April, 1929, 
unless subject to a special agreement 
approved by the Board of Railway 
Commissioners, between the railway 
company and the municipality or person 
agreeing with the railway to bear a 
portion of the cost of actual construction 
work for the protection, safety and 
convenience of the public in respect of 
such crossing. The maximum grant per 
crossing was at the same time altered 
to $100 000 and 40 % of the total cost. 
In 1929, the period over which the grant 
was to apply, was continued for a further 
ten years. 

The following table shews_ the 
expenditure from the fund from _ its 
inception to the end of 1927 : 
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Expenditure for protection at highway crossings, 
to which contributions were made from the railway grade crossing fund 
1909 to 31 December 1927. 


Railway 


Province. grade crossing 


fund. 


British Columbia 
Alberta. 


Saskatchewan. 


$ 54 887.83 
27 022,53 
34 180.18 
44 158.72 

484 986.00 
134 183,96 
24 114.23 
70 903.94 


Manitoba : 
Ontario. 

Quebec . 

New Brunswick . 


Nova Scotia . 


eee 


Railway. 


Municipality. 


$ 191 670.06 
136 564.94 
515 597.10 

47 145.53 

1 261 445.66 

492 248.10 
30 617.98 
70 846.60 


$ 115 070.88 
205 834.98 
247 455.35 

49 827.94 

2 173 020.24 

350 335.28 
41 355.36 
39 581.79 


$ 361 628.77 
369 416.45 
796 932.63 
411 102 19 

3 919 451.87 
976 767.34 

96 084.57 
184 332.30 


$ 844 434.36 


$2 746 102.97 | $3 222 178.79 |$6 812 716.42 


Expressed more briefly, 13.6 % of the 
total spent on level crossing protection 
over this period was obtained from the 
« grade crossing fund », 40.29 % from the 
municipalities, and 46.2 % from the rail- 
ways, though there is a considerable 
variation between the percentage figures 
as between the different provinces. 

The lowest percentage contribution 
received from the fund occurred in Sas- 
katchewan with 4 %, and the maximum 
in Nova Scotia with 39 %, a difference 
in general conditions accounting for this 
variation ; thus, in Alberta, Saskatche- 
wan and Manitoba there proved to be a 
large number of cases where no prior 
road crossing rights existed where pro- 
tection was required, and consequently a 
large proportion of the cost fell upon 
the municipality. On the other hand, in 
Ontario and Quebec the maximum limi- 
tation per crossing tends to reduce the 
average, whereas in Nova Scotia and New 
Brunswick the majority of schemes in- 


volving road diversions or replacement 
by bridges have not been so costly as to 
be affected by the limit of maximum 
contribution. 

The table reproduced on the previous 
page shews that by the end of 1927 the 
aggregate contributions from the fund 
had amounted to rather less than 
$900 000, whereas the total amount 
accumulated from the annual Govern- 
ment grants should have left a surplus 
of roughly $1 000000 at the end of that 
year. Owing to the extensive level cross- 
ing elimination programme embarked 
upon since 1927, this surplus has not 
only disappeared, but the commitments 
of the Board are in excess of the present 
resources of the fund. It is not, however, 
as yet known whether the programme 
projected will have to be cut down or 
increased grants made to the fund, but 
the annual report of the Board for 1930 
states that contributions have been made 
towards the elimination of 1 299 cross- 
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ings since the inception of the fund in 
1909 and catalogues the work accom- 
plished as follows : 

« From the first day of April, 1909, to 
the 31st day of December 1930, the Board 
has ordered contributions from the rail- 
way grade crossing fund towards the 
protection of 1 299 crossings, as follows 


By automatic interlocking plants (street 


Eailway, peatection) (9° -) = - = oye 
By closing. eressings © . =. = © 2 = 200 
By crossings eliminated . ..... S84 
By diversion and overhead bridge . 5 
By diversion and subway... .. . 3 
By diversion to subway 4 


By electrie bell . Fea 
By electric bell and flashlight o° ae 2 


By electric bell and wig-wag . . 367 
By electric bell and wig-wag and remov- 

ing obstructions to view . 7 
By easing curve on approach to ial 1 
By gates , sek 125 
By gates automatic . 3 
By gates and half interlocker. z 1 
By grade reduction on crossing approach- 

es See en eee a 6 
By foareeaee Sicies vr: : 1 
By lengthening ringing cireuit of bells. Zz 
By lighting flash signals . . . . . . 59 
By overhead bridges . . . Se ee a 
By removing obstructions to view. . . 8&3 
By removing obstructions to view and 

POCUCHIE -OTRME te te Sn een ay eee 6 
By shelter (watchmen’s) ] 
By subways . . Nat neal lars sah hae 11 ¢ 
By towers Palkia cats) oe, 3 
By tine ee 2 ee een ee 1 
By wig-wags 7 


« There were 202 highway diversions 
constructed which made it possible to 
close 155 crossings, and eliminate traffic 
from 84 crossings. 

» During the year 1930, protection was 
provided at 153 crossings as follows: 


By ‘closing erossings: 2 ws 2) 2 eel 2S 
By crossings eliminated. . . . . . 2 & 
By diversion and overhead bridge . 


> that year, 


By diversion and subway . 3 
By electric bell and wig-wag. 51 
By footbridge oa. <¢ Se 1 
By grade reduction ao4 widening ap- 
proaches ete! + ete 4 
By grade reduction tak improving view. 2 
By overhead bridge aR aaa 6 
By removing obstructions io view .': . 16 
By subway e228, = -.°. =" 2. eee 
By wip-wee> 22) 2%. 6 RS See 1 


« There were 35 highway diversions 
constructed during the year 1930, which 
made it possible to close 23 crossings 
and eliminate traffic from 30 crossings. » 

It should be noted that during 1930 
as a means of relieving unemployment, 
which began to be acute in Canada in 
the Canadian Government 
allocated a special grant towards the 
fund, amounting to $500 000. This allo- 
cation was made from the 20-million 
dollar unemployement fund, and it is 
possible that further grants may be made 
for similar purposes during the existing 
depression, but no information on the 
subject is as vet available. 


United States of America. 


In 1926, a bill was passed by the 
New York State Legislature known as the 
Grade Crossing Elimination Act. 

This Act authorised the creation of a 
fund to the amount of 300 million dollars 
or about £60 000 000 by the issue of State 
bonds, the fund to be used for the elimin- 
ation of level crossings in New York 
State but not those within the city limits 
of New York, Buffalo or Syracuse for 
which provision had already been made. 

The method of procedure is for the 
whole cost of any works to be paid from 


- the fund and after completion the State 


controller determines the shares to be 
contributed by the railway and _ local 
authority respectively. 


= 
* = 
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New Zealand is entirely without 
physical barriers at level crossings and 
relies upon signs and watchmen, while 
Australia and India, on the other hand, 
rely chiefly on some form of physical 
protection similar to that in use in Great 
Britain, although in Australia flashing 
signs and wig-wags controlled by the 
train are in cases being provided. In 
South Africa, since 1927, the protection 
has largely taken the form of signs with 
gates in addition in the more populous 
areas. 


Section IV. — General observations. 


The final section of this paper must 
be suggestive rather than authoritative. 
Generally it may be said that the percent- 
age of accidents at level crossings is low 
in most countries having regard to the 
speed and density of road traffic along 
the highways of today. The incidence 
of such accidents as do occur, however, 
point to the need for continued effort 
being made by public authorities towards 
ensuring the safety of the road user — 
and of the railway passenger — at public 
road level crossings. This should 
obviously be done at the expense of the 
private owner and public road transport 
companies who should provide the 
signalling system required for their own 
or their patrons’ safety in the same 
manner as the railways are compelled 
by statute to do. The measures taken 
by Canada in the elimination of level 
crossings obviously point to some move- 
ment in this direction becoming inevit- 
able in that country. 

In view of the extent to which motor 
drivers and their cars pass from one 


country to another to-day, it may be well! 
worth considering whether a unifornr 
system of level crossing protection 
common ‘to all countries should not be 
adopted, but obviously in any such 
consideration regard would have to be: 
given to the elimination of the diverse: 
practices in certain countries, where im 
some cases cars pass on the right hand 
side and in others on the left hand side.. 

The range of travel of the road user 
in the early days of railways was large- 
ly restricted to his own particular neigh- 
bourhood, or to a particular route if long 
distances were involved. Today there is: 
hardly any limit to the distances which 
motorists adventure upon, and the 
advantages of common practices not only 
at level crossings but in the use of the 
road generally are obvious. 

The further question arises as to the 
extent to which road signs or road 
signals as opposed to railway signals 
only should be instituted for the pro- 
tection of level crossings. In Great 
Britain the Ministry of Transport, the 
Automobile Association and the Royal 
Automobile Club have done something 
towards the provision of roadway signs 
which give warning to the motorist of 
his approach, not only to level crossings 
but to other dangerous features in the 
road contour. These do not so far take 
the form of audible signals, but are 
purely of a visual type. In America and 
Canada the types of light and sound 
protection described are more of the 
character of road signalling proper than 
anything to be found in Great Britain 
where the railways from their earliest 
beginnings had thrown upon them the 
onus of crossing protection. 
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INTERNATIONAL RAILWAY CONGRESS ASSOCIATION 


XII SESSION (CAIRO, 1933). 


QUESTION V: 
Electrification of railways from an economic point 


of view. 


Selection of sites for generating stations. 


Choice of the kind of current. Safety precautions, etc. 


REPORT No. i 
(America, Great Britain, Dominions and Colonies, China and Japan), 


- by S. WITHINGTON, 


Electrical Engineer, New-York, New Haven and Hartford Railroad, Newhaven, Conn. (U.S. A.). 


I. — ELECTRIFICATION OF RAILWAYS 
FROM AN ECONOMIC POINT OF VIEW. 


In considering railroad electrification, 
as in all other phases of railroad oper- 
ation, or indeed in any branch of human 
activity, the advantages or economies (di- 
rect or indirect) must outweigh the dis- 
advantages or expenses, if any project is 
to be justified. In briefly analyzing the 
problem in the present report, the limita- 
tions and sources of expense chargeable 
to electric operation will first be dis- 
cussed and later the various sources of 
economy or other operating advantages. 
A list of a few of the characteristic elec- 
trification installations in various coun- 
tries covered in the-report is presented, 
together with a brief analysis of the rea- 
sons governing the decision to electrify 
in each instance (see Appendix A). 

A questionnaire was prepared and is- 
sued to member railroads of the Interna- 
tional Railway Congress Association. The 
returns were not sufficient for tabulation, 


but the data received have been as far as 
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practicable incorpored in the text of the 
report. ; 

It is quite impossible to present any 
general quantitative statement regarding 
the economies of railroad electrification 
which would not be misleading. Condi- 
tions of fuel supply, labor, equipment and 
operation vary greatly in different parts 
of the world. There is indeed a great 
deal of diversity in different parts of 
the same country, and there may even be 
radically different conditions on neigh- 
boring railroads. Furthermore, in any 


- given locality, the conditions are often 


subject to very considerable changes over 
even relatively short periods of time. 
For these reasons, quantitative figures 
will be avoided and general statements 
only will be presented. 

It has been assumed that any analysis 
of the internal combustion engine as ap- 
plied to railroad motive power is out- 
side the scope of the present report, and 
that type of equipment will therefore not 
be discussed in any way. 
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Capital charges. 


Perhaps the most important charges 
against elecirification are those wherein 
the expenses are entirely superimposed 
upon the costs of steam operation. These 
include mainly capital charges, (interest, 
depreciation, etc.), and maintenance and 
operation of facilities which are used for 
the production and distribution of elec- 
tric power. Unless the economies or ad- 
vantages, direct and indirect, are suffi- 
cient to offset the added costs, (both ca- 
pital charges and operating expenses), an 
elecirification installation obviously can- 
not be said to be justified on purely eco- 
nomic grounds. It may be true, to be 
sure, that the indirect benefits may be of 
sufficient importance to- justify a given 


project, even though the total actual” 


costs may be increased on account of 
electrification. 


In considering electrification as com- 
pared with other possible solutions of 
any given problems of operation or of 
traffic, it is not necessarily the rafe 
of return on the cash requirements 
that would conirol the decision, but 
rather the actual fofal return. A high 
rate on a relatively small capital expen- 
diture (of course within reason) might 
well be less attractive than perhaps a 
lower rate on a larger investment. For 
instance, the stockholders of a large 
company would normally prefer, other 
things being equal, to spend, let us say, 
five million dollars to obtain a net return 
of a million dollars a year (20 %), rather 
than to spend perhaps a million dollars 
to secure added net annual return 
amounting to possibly three hundred 
thousand dollars (30 %). They are in- 
terested in the largest possible increment 
to their net revenue. 

The annual costs of capital consist 
mainly of interest (or dividends) paid 
for the money invested (whether the 
money is borrowed for the installation 
or whether ii is raised by the issue of 
stock), and depreciation. The interest 
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charges depend upon the condition of the 
local money market at any given 
time and upon the credit of the in- 
dividual railroad, and may thus vary 
over a relatively wide range. The sub- 
ject of depreciation is too complicated 
and controversial for discussion in the 
present report, but regardless of the de- 
tails and vagaries of individual account- 
ing systems, it is necessary under sound 
management to prepare for, and have 
available a sum of money which will re- 
present, the loss of value which takes 
place as physical property deteriorates, 
either on account of wear-and-tear or of 
obsolescence. If such a depreciation re- 
serve is not set aside periodically from 
operating revenue, there may be impair- 
ment of the capital structure, or it may be 
necessary to charge to operation at some 
future time, large amounts for renewals 
or replacements. The amounts logically 
chargeable for physical depreciation of 
capital may vary considerably under dif- 
ferent conditions. Radical differences in 
the predicted life (and indeed the actual 
life) of the units under consideration may 
occur among various railroad companies. 
Some railroads consider that the periodic 
contribution to the depreciation fund or 
replacement reserve are subject to credit 
on account of interest accruals, while 
some railroads do not allow such credits. 
These types of difference in accounting 
policy, together with much other diver- 
sity of thought on such questions, result 
in radical differences in the annual ca- 
pital charges computed in connection 
with money required for electrification. 
It is to be assumed in the present discus- 
sion that the annual capital charges for 
money required for electrification include 
both interest and depreciation, but it is 
recognized that such charges may vary 
greatly among railroads on account of 
financial conditions and the policy of 
individual railroad managements. 

When requirements for new capital for 
such facilities as a power plant, or power 
transmission and distribution systems are 


to be superimposed upon already exist- 
ing facilities, the study is relatively sim- 
ple, but where already existing equipment 
is to be retired or otherwise modified as 
to its status, careful analysis is neces- 
sary. Railroad electrification involving 
as it does, a change of motive power, 
means of course the elimination of steam 
locomotives in proportion to the extent 
or scope of the electric operation. Such 
steam locomotives may be replaced either 
by electric locomotives, or by motor cars 
which are often employed, especially in 
suburban service, instead of locomotives. 
The value of the displaced equipment, 
under a sound accounting system, should 
be charged to « operation » unless the 
equipment is represented by an accrued 
replacement reserve fund. The addition- 
al capital investment chargeable to elec- 
trification is thus the difference between 
the money required for new facilities, 
and the value of those which are retired. 
If the locomotives, for instance, which are 
to be displaced, represent capital which 
has been amortized or « written off » 
through accrual of a replacement reserve 
fund, and which thus has no value on 
the books of the company, the equipment 
which replaces these locomotives may be 
partially paid for by the replacement 
reserye or amortization fund which re- 
presents the capital value of the old steam 
locomotives. The revenue from the sale 
of these steam locomotives or their scrap 
value may, of course, also appropriately 
be credited to the cost of new locomo- 
tives. 

In some instances the steam locomoti- 
ves or other facilities, which are dis- 
placed by the change to electric traction, 
may be advantageously transferred to 
other sections of the railroad, or possibly 
sold for fair prices to other railroads re- 
quiring such equipment. It is obvious 
that the value of the facilities thus dis- 
posed of is a credit towards the purchase 
of the electrification facilities. 

It may happen that the steam facilities 
which are to be replaced, are not written 


off the books of the company and are not 
represented by a replacement reserve 
fund, and that, on account of local limita- 
tions, they cannot be advantageously used 
elsewhere, or sold. Though they may be 
in physically good condition under these 
conditions, they are nevertheless of only 
scrap value. The amortization and 
interest on any bonds or « equipment, 
trust > notes (described below), which 
these facilities represent, must be met just 
as if steam operation were to be con- 
tinued. As net savings from electrifica- 
tion would necessarily help meet these 
interest charges on the old equipment, the 
value of these locomotives might from 
some view-points be considered an actual 
debit against electric operation; that is, 
it might be held that the advantages or 
economies of electric operation should be 
sufficient to pay not only the interest and 
amortization on the new money required, 
but on the capital thus displaced. It seems 
logical however, to correlate the estimat- 
ed net savings accruing on account of 
any proposed electric operation, solely 
with actual new cash required. The eco- 
nomies should, if conditions warrant, be 
made available for the stockholders re- 
gardless of the necessity of payment for 
equipment displaced, the charges for 
which must be met whether electrifica- 
tion is decided upon or not. 

It is usually possible for a railroad to 
borrow money under favorable condi- 
tions for the purchase of electric loco- 
motives and multiple-unit cars, on what 
are virtually special mortgage notes 
known as « equipment trust » notes, 
secured by the new equipment pur- 
chased, to be amortized or paid off from 
savings currently accruing under operat- 
ing conditions. This is often a very 
convenient method of financing the pur- 
chase of the rolling stock necessary for 
the electrification, at a time when capi- 
tal requirements are necessarily heavy 
for various other parts of the electrifica- 
tion program. 

Taxes are usually considered with the 
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capital charges. The levying of taxes 
varies a great deal in various parts of the 
world. For instance, in some sections of 
the territory covered in the present re- 
port, the railroad taxes are based upon 
gross revenue, and local taxes are not 
levied on property used for railroad pur- 
poses. In such cases additional facilities 
would not increase the tax bill and should 
not be charged against the economies of 
electrification. On the other hand, when 
taxes are based upon property values, 
additional capital would involve added 
burden, and this should be deducted from 
the economies estimated. These consi- 
derations of course apply only to priva- 
tely-owned railroads, as government- 
owned railroads are free of all tax bur- 
deus. 

Privately-owned railroads in many 
parts of the world are obliged to pay in- 
come taxes, — taxes based upon the net 
income. It is obvious that savings which 
may be due to electric operation in-so- 
far as they increase the net income, 
would increase the taxes charged against 
the railroad and these increased taxes 
are a charge against the electrification 
which under some circumstances might 
exert a controling influence against the 
electrification. 


Locomotives. 


Electric locomotives possess widely va- 
rying characteristics, depending on the 
design. Some of the characteristics of 
electric locomotives are more favorable 
from the standpoint of railroad operating 
problems than those of steam locomotives, 
and some are less so. The differences 
of either nature make difficult, direct 
comparisons between steam and electric 
. locomotives. : 

The most.common and oldest type of 
traction motor is the series-commutator 
type, developed from the earliest days of 
urban electric operation. This type of 
motor has a relatively high torque at 
low speeds, but the. torque falls off ra- 


pidly as the speed increases. The start- 
ing tractive effort of locomotives equipp- 
ed with series-commutator motors is thus 
relatively high, a characteristic favorable 
for starting a train, but as the speed in- 
creases, the tractive effort becomes ra- 
pidly less. These general characteristics 
apply whether the power supply for the 
motor is single-phase alternating, or di- 
rect current. 

The three-phase induction type motor 
is also used for electric traction to some 
extent. If power is supplied from a 
single-phase distribution circuit, its cha- 
racteristics are changed to those of three- 
phase power by means of a phase-conver- 
ter. The induction motor is essentially a 
constant-speed device, that is, as soon ‘as 


_ it is started, it runs at nearly a constant 


speed, regardless of the load. In prac- 
tice there are usually two or more defi- 
nite running speeds provided by changing 
the number of poles or by other means. 
This gives some flexibility of operation 
since the torque is inversely proportional 
to the speed. Fundamentally, however, 
the locomotive equiped with three-phase 
motors runs at a uniform speed. Thus 
the demands on the motor, for instance 
on a steep grade, may be very heavy, 
whereas on level track it may not be 
operaiing at its full rating in view of the 
fact that its speed cannot be increased. 
This limits the flexibility not only of the 
locomotive itself, but of the line, sub- 
stations and power plant. The advan- 
tages of the three-phase induction type of 
motor are its ruggedness and its simpli- 
city of operation, especially in regener- 
ation of power on descending grades. 
The steam locomotive, though it has 
been very greatly improved in important 
details in recent years, is in its general 
arrangement essentially as it was nearly 
a hundred years ago. Most of the improve- 
ments have been in details affecting re- 
liability and efficiency, and many of 
these improvements have been exceeding- 
ly- noteworthy. The’ typical speed- 
torque or. tractive-effort graph of ‘the 
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steam locomotive shows an output as 
speeds increase which is in general 
higher than constant horse-power, that 
is, the maximum horse-power occurs at 
the higher speeds. This means that the 
steam locomotive tractive effort at low 
speeds is relatively less than is the case 
with series-commutator motor electric 
locomotives of the same rated capacity, 
but is relatively greater at higher speeds. 
This low-speed or starting limitation is 
often overcome by a « booster », or 
separate steam engine which may be me- 
chanically connected at starting, usually 
to one or both trucks of the tender or the 
irailer truck of the locomotive, and which 
may be disconnected as the speed is in- 
creased. 

It is evident from this very brief outline 
that it is somewhat difficult to compare 
directly, electric and steam locomotives. 
The « weight on drivers >» which is some- 
times used as a method of comparison is 
not wholly satisfactory, on account of the 
difference in the shape of the speed- 
tractive-effort curve, nor obviously is 
horse-power rating, on account of the 
widely varying characteristics with vary- 
ing speeds. It may be said, however, 
that as closely as comparisons can be 
made, the electric locomotive under pre- 
sent conditions, costs considerably more 
than a steam locomotive of the same ge- 
neral power rating. This added cost is 
a direct debit against electrification, ex- 
cept insofar as it may be offset under 
certain conditions by greater. utilization 
or annual mileage of the electric as com- 
pared with steam motive power. 

In comparing the rating or capacity of 
steam and electric locomotives it should 
be borne in mind that the steam locomo- 
tive must haul fuel and water behind it, 
and that data regarding drawbar capacity 
must take this into consideration. The 
« tender » of the locomotive with its load 
of fuel and water constitutes often a not 
inconsiderable part of the total trailing 
load. 

' During the past twenty-five years, the 


efficiency and capacity of steam loco- 
motives has been increased perhaps to 
a greater extent than for the previous 
fifty years’ period. One of the important 
results, from the viewpoint of electrifi- 
cation, of the recent improvements in 
steam locomotive practice arises from 
the fact that many railroads have re- 
cently invested so much money in mo- 
dern steam equipment that an excessive 
« writing off >» of value would be neces- 
sary if this relatively new equipment 
were to be displaced by electric equip- 
ment. 


The problem of replacing steam loco- 
motives by multiple-unit passenger coa- 
ches may be more complicated than is 
the problem of merely exchanging elec- 
tric locomotives for steam, for it is 
necessary to consider also the passen- 
ger coaches which may be retired. Rail- 
roads which contemplate sufficiently in 
adyance the possibility of suburban 
electrification, may so design any pas- 
senger coaches which may subsequently 
be acquired, that they may be readily 
equipped with electric motors and asso- 
ciated facilities. The change to electric 
traction when the time comes may thus 
be economically accomplished, as far as 
coaches are concerned, without sacrifice 
of equipment. When figuring the char- 
ges against electrification, on account 
of passenger coaches, and comparing the 
costs with the value of equipment dis- 
placed, any advantages which new 
equipment may have in comfort, capa- 
city, speed, etc., should, of course, be 
kept in mind. 


Engine house and shop facilities. 


A source of expense which may be 
charged against electrification and which 
may be of considerable importance, is 
that for shop facilities for maintaining 
the electric motive power. It often 
happens that in spite of the fact that a 
number of steam locomotives are to be 
displaced. the locomotive maintenance 
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facilities must be left in commission for 
use by steam power to be retained in 
service. If all the steam locomotives 
are to be displaced, conditions may be 
such that the character of the shops may 
not be adapted, without considerable re- 
building, to care for electric equipment. 
Electric locomotives require other and 
somewhat different types of tools for 
their maintenance as compared with 
steam locomotives. It is very important 
not to overlook the possible necessity for 
added shop facilities, or the expense of 
considerable changes in existing facili- 
ties. ; - 
Abandoned shops or engine houses, 
together with coal pockets, water tanks, 
ash-handling devices, etc, which are not 


required under electrification and are~ 


for that reason retired, are in the same 
category as displaced locomotives, etc., 
so far as accounting is concerned. All 
facilities which are displaced should 
logically be chargeable to current opera- 
tion (or against « profit-and loss ») un- 
less they are adequately represented by 
an accrued ‘replacement reserve fund 
which may be drawn on for the purpose. 


Power transmission and distribution. 


The power transmission and distribu- 
tion system and the substation equip- 
ment represent facilities which are enti- 
rely superimposed upon the railroad 
operation and are thus wholly charge- 
able to the account of the electrification. 
This applies not only to the capital 
charges, but to the maintenance and 
operation, of these portions of the elec- 
- trification. The charges exist whether 
or not the railroad owns and operates 
any or all of these facilities, except that 
in some instances the transmission faci- 
lities and substations may be used joint- 
ly with commercial service, in which 
case the charges may be divided among 
the various services performed and the 
financial burdens borne by each service 
pro rata. 


The power distribution system, or 
« contact construction », is in general 
necessarily a charge solely against the 
railroad electrification, as it is not 
adapted for dual service, except insofar 
as the supporting structures may also 
carry transmission circuits for commer- 
cial or general purposes. The railroad 
should usually own, operate and main- 
tain the power distribution system bet- 
ween the substations and the collecting 
shoes of the locomotives or cars, whether 
the distribution be by means of over- 
head trolley wire or by third rail. This 
is fixed property and is so intimately 
connected with the railroad operation 
that responsibility either in ownership 
or maintenance cannot reasonably be 
divided. In certain instances as indi- 
cated above where all conditions are 
favorable, the supporting structures may 
be used jointly for commercial transmis- 
sion or general supply circuits. In these 
cases special arrangements may of 
course be made by the companies affect- 
ed. Advantage of the distribution con- 
struction may also often be taken to 
support the signal facilities of the rail- 
road including the signals themselves 
and the signal power supply and secon- 
dary circuits. This may produce very 
considerable economy as a credit toward 
the expense of electrification. 

Included in the cost of distribution of 
power are such items as inductive coor- 
dination with neighboring communica: 
tion circuits in the ¢ase of single-phase 
systems; or electrolytic coordination 
with steel structures and with water and 
gas pipes and power and communica- 
tion cables installed underground in the 
case of direct-current systems. These 
coordination problems involve study 
with the other organizations involved 
and carefully planned joint action. 


Another necessary coincident problem 
is the coordination with the railroad 
signal system, which generally utilizes 
the running rails as an integral part of 
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its functioning. The railroad communi- 
cation circuits, which are usually instal- 
led along the right-of-way, must some- 
times be moved in order to avoid hazard 
from possible physical contact with the 
high-voltage circuits connected with the 
electrification. Sometimes also it is ne- 
cessary to modify station platform cover- 
sheds and other structures to provide 
clearance for pantographs. It may occur 
that considerable expense in lowering 
track may be necessary in order to 
obtain sufficient clearance between the 
top of rails and overhead bridges or tun- 
nels, 

If transmission circuits are installed 
along the railroad right-of-way in con- 
nection with the electrification (where 
the distribution system is overhead), 
these circuits are usually supported by 
the structures which support the contact 
conductors, and the installation for the 
transmission thus represents a relatively 
low increment of investment, The pa- 
troling and maintenance of such supply 
circuits may under some conditions, be 
more easily accomplished by the use of 
cars on the railroad, than is normally 
the case with transmission lines on pri- 
yate right-of-way; though (especially in 
densely settled territory and constricted 
right-of-way) location on railroad pro- 
perty may be subject to greater hazard 
on account of fire on adjacent property 
or by reason of other abnormal condi- 
tions. 

It sometimes occurs that high-voltage 
transmission will make possible an ad- 
vantageous power contract which would 
not otherwise be obtainable. The rail- 
road may be able, if it controls trans- 
mission facilities, to purchase power at 
the most favorable possible locations, 
and transmit it to the points of utiliza- 
tion, regardless of the geographical limits 
of the electrically-operated zone, or of 
territory which may be nominally served 
by any individual power company. 

The power distribution system may be 
defined as the facility for delivering 


traction power to the moving trains. 
As has already been said, this must 
usually be owned, operated and main- 
tained entirely by the railroad, which 
of necessity must organize forces for the 
purpose. The requirements of this ser- 
vice vary a great deal among railroads 
and depend largely upon traffic charac- 
teristics. Suburban service, where traf- 
fic is very dense and where even a mo- 
mentary delay may be a serious matter, 
demands a far more highly organized 
force than does freight service or service 
where there may be not more than a 
few trains a day, and where even a 
relatively long delay is usually not a 
great inconvenience. In the former 
instance there must usually be adequate 
forces of men continuously on duty 
within restricted areas ready for service 
at any time in the event of trouble, while 
in the latter circumstance, a single small 
gang which may perhaps be on duty 
only during its working hours, but sub- 
ject to emergency call the rest of the 
time, may well suffice to take care of 
the maintenance over a large territory. 
In the former instance the aggregate 
expense is high and the available work- 
ing time on the tracks usually relatively 
low, while in the latter case the reverse 
is likely to be true. The costs for power- 
distribution maintenance on two differ- 
ent roads thus may vary so greatly as 
to be hardly comparable. This item is 
often one of the largest debits or charges 
against electrification. 


Substations. 


The power-distribution system usually 
includes the protective devices and 
circuit-breakers which may de-energize 
circuits under abnormal conditions. It 
is to be understood that the distribution 
net-work is usually divided into sections 
which may be electrically isolated in 
the event of trouble, or for maintenance 
purposes. The supply of power for each 
of these sections is usually controlled by 
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disconnecting switches or circuit-break- 
ers which may be opened manually (or 
automatically in case of trouble) and 
closed at will. These switches are in 
general necessarily an integral part of 
the power-distribution system. They 
must, of course, be closely coordinated 
with the power supply, and are usually 
the direct responsibility of the railroad’s 
own operators who work in the closest 
cooperation with the train dispatchers; 
although if power is purchased, this 
service may under some circumstances 
be performed by the power company, 
especially if the power company oper- 
ates the railroad substation facilities. 

The substation may be owned and 
operated by the railroad, ‘or by the 
power company from which power is 
purchased. If the railroad can advant- 
ageously purchase power at the proper 
feeding-in points, and of the character- 
istics desired for its power-distribution 
system, it may do well to save itself the 
capital expenditure necessary to install 
its substation facilities, and to employ 
the power company to perform that 
function, provided the power company 
does not value its service in that respect 
too highly. There is also, under some 
conditions, advantage to the railroad 
company in avoiding the necessity of 
organizing. a technical force for oper- 
ation and maintenance of the substations, 
a highly specialized duty. This may be 
accomplished by purchasing power to 
be delivered at the out-going ‘feeders of 
the substations. It may be very desir- 
able from some points of view to do 
this, for the technical problems of sub- 
station operation are sometimes not fully 
appreciated by the railroad management 
and if adequate support is not accorded 
to those responsible for proper function- 
ing of the facilities, unsatisfactory 
conditions may result. The power 
company, on the other hand, can often 
more effectively handle the problems 
through its highly specialized organisat- 
ion. 


8 
The substations may be : 


1. entirely automatic, 
2. remotely controlled, or 
3. locally attended. 


The capital investment is relatively 
the highest in the first instance because 
of the expensive automatic equipment 
which is necessary, but, there being no 
labor for attendance (other than occas- 
ional visits for inspection by a maint- 
ainer who can thus look after a number 
of substations), the operating cost is 
relatively very low. In the second in- 
stance an operator is necessarily con- 
stantly on duty at some point on the 
system, but one man on each watch is 
able to control a large number of sub- 


‘stations, and can often perform other 


duties in addition to that branch of the 
work. The expense of installation is 
somewhat less than for automatic equip- 
ment, but higher than that for attended 
substations. 


Power generation. 


The economy of power plant operation 
has increased notably during the past 
twenty-five years. A quarter of a 
century ago a fuel rate for a steam 
plant of three pounds per kw.-h. was 
considered reasonably satisfactory. This 
represented a thermal efficiency of 
roughly 8 %, that is, of every hundred 
pounds of fuel burned, more than ninety 
pounds were entirely wasted. There 
are now a number of steam power plants 
which produce electric energy for about 
a pound of coal per kw.-h., that is, at 
about 25 % efficiency, and with such 
devices as mercury turbines or high 
pressure steam, the efficiency may be 
even higher. The fuel cost is perhaps 
on the order of half the total power cost 
including capital charges. This is 
necessarily a very general figure because 
conditions of generation vary greatly. 
It is merely presented as an indication 
that the thermal efficiency is but one 
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of a number of items, and while there 
may be satisfactory conservation of fuel, 
as discussed later, this may be offset by 
other expenses of power generation. 

As a general rule, of recent years it 
has not been necessary for the railroads 
to build power plants to take care of 
their traction power requirements. The 
purchase of power from some readily 
available commercial system relieves the 
railroad of considerable capital expenses 
at a time when there is necessarily a 
_ heavy demand for capital for the other 
items of electrification expenses ; it also 
relieves the railroad of the necessity for 
organizing and maintaining a technical 
department to operate power generating 
facilities. Even if the power-producing 
facilities are not owned by the railroad, 
it is of course necessary for the railroad 
to pay the fixed or capital charges on 
the equivalent capital investment for 
power plant capacity sufficient for the 
railroad’s power requirements. The 
expenses of maintaining and operating 
the power plant facilities, labor, mater- 
ial, etc., are also, of course, a charge 
against the electric traction, whether or 
not the power plant is owned and oper- 
ated by the railroad. 

The decision between purchase of 
power and installation of facilities for 
production, is perhaps the most interest- 
ing single problem of all the problems 
to be decided in any given instance of 
electrification. 

As has been pointed out, in installing 
facilities for electrification, a railroad 
is necessarily under a heavy direct 
capital expense and the more this can 
be reduced, other things being equal, the 
better for the railroad. If, therefore, a 
favorable arrangement can be made with 
a power company to furnish, at reason- 
able cost, power of proper character- 
' istics, delivered at the proper points, it 
is not necessary for the railroad to 
provide the money necessary for power 
plant construction, as well as for trans- 
mission facilities and even substations ; 


and if the motive-power may be obtained 
on an «equipment trust» basis as out- 
lined above, the only actual require- 
ments for capital expenditures which are 
necessary will be.those for the power- 
distribution or contact system. The 
railroad, as pointed out above, would 
necessarily either directly or indirectly 
pay the. fixed or capital charges and 
costs of operation on all facilities which 
are necessary for electrification, whether 
it were to install and own them iself 
or not. The joint use of power-generat- 
ing facilities and of transmission lines 
and substations for combined railroad 
and commercial functions, under proper 
conditions, permits advantage to be 
taken of diversity of load, and thus in- 
creases the economy of operation. This, 
together with certain technical consider- 
ations often enables the power company 
to deliver power to the railroad distrib- 
ution circuits relatively more economic- 
ally than the railroad itself could pro- 
duce its own power requirements. 

The rapid growth of a commercial 
power system, for instance, often en- 
ables, with advantage, the continued use 
of obsolescent generating facilities for 
carrying peak loads, or for stand-by serv- 
ice, utilising for base loads such new 
equipment as may be necessary to take 
care of growing requirements. This new 
equipment delivering the bulk of the 
energy output, may embody the most 
modern development and the highest 
available efficiency. Isolated railroad 
power plants, on the other hand, must 
generally be utilized until the equipment 
actually wears out, regardless of obso- 
lescence, if full use of the facilities is to 


_be obtained. 


In figuring a price for traction power, 
however, the commercial power com- 
pany is competing with costs of pro- 
duction by the railroad, and it must be 
borne in mind that there are several 
rather important economies of which the 
railroad may take advantage in produc- 
ing its own power requirements. The 
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railroad, unless its credit is seriously 
impaired, may borrow money at a low 
rate of interest, perhaps considerably 
less than the dividend rate paid by the 
power company; this is an important 
item in computing capital costs which 
should be considered carefully. Further- 
more, in instances where railroad taxes 
are based upon gross revenue and not on 
local property value, there would be no 
direct tax on a railroad power plant 
as on the plant of a power company. 
The railroad may compute the haulage 
of its own fuel over its own system for 
power generation at an actual out-of- 
pocket or increment cost which is of 
course considerably less than the com- 
mercial rate. This would give the rail- 


road considerable advantage in cost of- 


coal delivered to the power plant, unless 
the power company undertakes to agree 
to receive its fuel over the railroad to 
which it furnishes power. Under some 
conditions it is possible that a railroad, 
on account of large purchases, may be 
able to purchase fuel at relatively lower 
prices than can the power company, 
though obviously this consideration may 
under other circumstances have the op- 
posite result. 


On the other hand, it may be of con- 
siderable value to the railroad, as stated 
above, not to be obliged to organize and 
maintain technical forces for power 
plant operation. The chief executives of 
a steam railroad are essentially not per- 
sonally interested in the higly specia- 
lized subject of power plant engineer- 
ing, and it is often not possible for them 
to justify highly technical assistance in 
the operation of a railroad plant, whereas 


a large power company, the chief. busi-- 


ness of which is power production and 
transmission, can readily justify the 
employment of a force of technically 
trained men, each a specialist in his own 
field, without creating unduly high over- 
head costs. 

In some localities there may exist 
plentiful and economical supplies of wa- 


ter for power, favorably situated for 
development for the supply of energy 
for the electrification of a railroad, but 
where industrial or commercial demand 
does not exist. In such cases it might 
well be the case that it would not be eco- 
nomical, to fully develop the water 
power except for railroad electrification, 
and the economy of the development 
might thus be a controling factor in the 
decision to electrify. In many locali- 
ties, however, especially when the com- 
mercial or industrial demand is relati- 
vely great compared with the hydro-elec- 
tric power capacity available, the cost 
of water power approaches, or may even 
exceed, that of steam power, This is 
especially true where, on account of 
seasonal fluctuations in the supply of 
water, standby steam capacity is requir- 
ed to supplement the hydro-electric 
power during periods of low water. In 
such instances the duplicate capital re- 
quired may offset the fuel savings. 


It may be said that in view of the high 
efficiency of steam plants of the present 
day, and in view of the relatively high 
cost of transmission of power, it is not 
economical to transmit electric power 
in large blocks, more than a relatively 
limited distance. Much has been said 
from time to time about the economy of 
transmitting large blocks of power from- 
mouth-of-mihe plants many hundreds of 
miles, to centers of load, rather than 
transporting the fuel for generating the 
power. This is practicable to only a 
limited extent on account of the ex- 
penses of constructing and maintaining 
transmission facilities, and especially on 
account of the fact that water sufficient- 
ly plentiful for condensing purposes is 
often not available near mines. 


Fuel and power. 


The use of electric power for traction, 
of course eliminates, to the extent that 
electrification is applied, the combustion 
of fuel in steam locomotives on the road. 
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Recent improvements in steam locomo- 
tive design have in the past twenty-five 
years more than doubled the mechanical 
efficiency of steam locomotives, just as 
the efficiency of power plants has been 
increased. 

Previous to perhaps 1905 it had been 
an established rule of steam locomotive 
design that everything connected with 
the equipment must be as simple as pos- 
sible, in the interest of reliability and 
ease of maintenance. The result of such 
philosophy was that efficiencies on-the 
order of perhaps 3 % were considered 
satisfactory not very long ago. The de- 
velopment of such devices as radial 


valve gear, brick arches, superheaters, - 


feedwater heaters, thermic syphons, 
high boiler pressures, limited cut off, etc. 
has more than doubled the efficiency 
and together with the introduction of 
mechanical stokers, boosters, etc. has 
very greatly increased the capacity of 
the steam locomotive. These improve- 
ments have permitted very much longer 
engine runs, with greatly increased 
loads, and in many instances have mo- 
dified the method of operation of large 
sections of railroads in recent years. 
The continued improvements of steam 
locomotives have undoubtedty resulted 
in retarding the adoption of electrifica- 
tion, because among the chief economies 
of electrification in its earliest days were 
fuel saving and introduction of long 
locomotive runs. 

An over-all efficiency, under proper 
handling and with proper load condi- 
tions, of 8 % at the drawbar of the steam 
locomotive tender, perhaps represents 
normal standard operating practice. 
From this figure must be deducted the 
so-called « standby losses ». These los- 
ses include the fuel used in starting the 
fires and waiting for the beginning of 
the trip, stops at stations, delays at 
signals, etc., and the heat in the fire and 
boiler which is lost at the end of the 
trip or day’s work. Obviously these 
losses may all differ greatly with vary- 


ing conditions. They are usually low- 
est for a long locomotive run with no 
stops, and are greatest for short runs 
with frequent stops. The maximum lo- 
comotive efficiency occurs at some defi- 
nite and constant speed with a definite 
load, and the losses are, of course, rela- 
tively higher when loads are either hea- 
vier or lighter than the normal load. 
The efficiency is reduced also in acceler- 
ating a train or in coasting, also on 
heavy ascending or descending grades. 
In addition, there may be leaky valves, 
stuffing-boxes, etc. or improperly set 
valves, all of which reduce the efficiency 
of fuel consumption. Improper hand- 
ling, such as frequent operation of the 
safety valve, too late a cut-off, poor fir- 
ing, etc. may reduce the efficiency very 
greatly. These limitations may be se- 
rious if there is not intelligent and 
conscientious operation or proper super- 
vision on the road during locomotive 
runs. These are sometimes difficult to 
accomplish, 

The steam power plant of modern 
design may generate power, as stated 
above, at an efficiency of perhaps 25 % 
at the bus-bar, From this must be de- 
ducted for comparison with steam loco- 
motive operation, the losses in trans- 
mission, in the substations, and in the 
distribution system, and in addition the 
mechanical and electrical losses in the 
electric locomotives. An overall effi- 
ciency of, let us way, 60 % between the 
bus-bar of the power plant and the draw- 
bar of the locomotive is not far from 
that reached in practice. This produces 
a net over-all efficiency figure of per- 
haps 15 % from coal pile to drawbar. 
This may be compared with the figure 
of 8 % given above as the efficiency of 
the modern steam locomotive operated 
under satisfactory conditions of speed 
and load, and without excessive standby 
losses. 

It is less difficult to maintain favo- 
rable conditions with electric locomotive 
operation than with steam motive-power, 
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because adequate supervision over con- 
ditions of fuel combustion is relatively 
difficult with locomotives operating over 
an extended territory as compared with 
concentration of supervision possible at 
a power plant. In addition, relatively 
more favorable load conditions may 
usually be maintained with power plant 
apparatus where there is diversity of 
load, and where the facilities may be 
freely placed in service or taken out of 
service as circumstances require, than 
with steam locomotives where load con- 
ditions are seldom ideal. It may be stated 
very roughly that under normal circum- 
stances of operation, the fuel saving made 
possible by electrification may be on 
the order of between fifty and sixty-five 
percent. Where short runs and frequent 


stops are concerned, as in suburban ser- 


vice, and especially in yard switching, 
this saving may be considerably increas- 
ed. If water power is available, in 
whole or in part, the fuel saving is also 
obviously correspondingly increased. 


Fuel saving is also accomplished in- 


electric operation on long descending 
grades where the electric locomotives 
are equipped for power regeneration, 
changing the potential energy to electri- 
cal energy. Another source of fuel sav- 
ing by regeneration would be possible in 
decelerating or slowing trains by chang- 
ing the kinetic energy to electrical ener- 
gy. This is entirely feasible under most 
conditions, but would mean a consider- 
able added amount of equipment of the 
locomotive and in general it has not 
been considered that the economies 
would outweigh the expense. 

The fuel saving due to electric opera- 
tion, as pointed out above, is of. course 
by no-means a net saving, since the 
capital costs of the power generating 
and distributing facilities and their ope- 
ration and maintenance are charges 
against electrification which tend to off- 
set the saving in fuel, even though from 
the viewpoint of fuel conservation alone 
there may be a distinct advantage in 


electrification. The degree to which 
fuel saving may be important is measur- 
ed to some extent by the local cost of 
fuel. If fuel is expensive, the saving 
may be very considerable, while if it 
is cheap, the cost of power delivered at 
the locomotive may more than offset any 
saving there may be. 

In analyzing energy costs, careful 
consideration should be given to seaso- 
nal variations of demand. This is es- 
pecially the case where motor car ope- 
ration is involved. For instance, occa- 
sional high demands for heating in 
winter or on account of some abnormal 
condition, may reduce the load-factor 
and increase the cost of power unduly, 


- unless such contingency has been fore- 


seen and provided for, either in the 
design and operation of the railroad 
plant if power is produced, or in the 
arrangements for purchase of power. 

In some cases the steam locomotives 
of a railroad have not been maintained 
in a modern condition, that is, fuel-sav- 
ing improvements have not been adopted 
as they have been developed, In such 
instances, the analysis of the economies. 
of electrification must necessarily be 
made not solely with existing motive 
power, but additional figures should be 
developed to indicate what economies 
would accrue if improved steam loco- 
motives were to be acquired. It might 
well be the case that the maximum rate 
of return would occur with modernized 
steam locomotives, bat that the fofal re- 
turn from electrification would show a 
greater aggregate amount even though 
this might represent a lower percentage 
on the money invested. If this were to 
be the case, a decision would be neces- 
sary between new steam locomotives (or 
modernizing the existing equipment) 
and electrification. 

In this connection, a curious argument 
has been advanced against electrifica- 
tion by a certain class of coal producers 
who view with concern the reduction in 
the demand for fuel when railroads elec- 
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trify. They point out that fuel haulage 
is a vital part of railroad traffic and that 
reduction of this, through the use of 
more efficient combustion methods or by 
development of water power, would re- 
act unfavorably on the railroads. A little 
thought obviously shows the fallacy of 
such reasoning. There is seldom any 
excuse for not taking advantage of the 
highest available standards of efficiency 
of operation in any field of endeavor. 


Locomotive maintenance. 


The application of the various fuel- 
Saving devices to the steam locomotive 
of today has made it a very much more 
highly organized machine than it was a 
quarter of a century ago when the main 
idea of the designers was to keep every- 
thing as simple as possible. This would 
necessarily be reflected in higher unit 
maintenance cos{s, were it not for the 
fact that it is balanced in turn by the 
increased use of locomotives, with in- 
creasingly heavier trains, and in longer 
engine runs. The maintenance costs of 
electric locomotives are somewhat diffi- 
cult to compare with those of steam, as 
indicated above, because of the differing 
power characteristics. It may be said, 
however, that in a general way there is 
usually a considerable saving in main- 
tenance of electric locomotives as com- 
pared with equivalent steam locomotives. 
This item is perhaps the most outstand- 
ing single general direct operating saving 
made possible by electrification, though 
in individual instances, especially in 
suburban service, there may be other 
economies of greater importance. 


Regarding maintenance of electric 
equipment of let us say, ten multiple-unit 
cars as compared with an electric loco- 
motive and ten coaches; it might be 
expected that the multiple-unit equip- 
ment is, other things being equal, per- 
haps slighly more expensive because a 
greater number of smaller units make up 
a given power rating, and furthermore, 


each car, or pair of cars, is usually equip- 
ped with its own protection facilities, 
power collecting devices, and control fa- 
cilities, as well as headlights, compres- 
sors, etc. Similarly the ten-car multiple- 
unit train would undoubtedly represent 
a first cost of slightly more than the 
electric locomotive with ten standard 
coaches of similar seating capacity. 


The question of the number of cars in 
the normal train, of course, is of impor- 
tance in the comparison of costs of this 
nature. For instance, it is readily seen 
that an electric locomotive (capable of 
hauling, let us say, ten cars in local 
service) used with but perhaps two cars, 
would be definitely more expensive than 
two multiple-unit cars without locomo- 
tive. The converse is true as above 
indicated if ten-car trains are consider- 
ed. Asin other questions of comparison, 
if is impossible to make any satisfactory 
general statement, but it may perhaps be 
sait that by-and-large the dividing line 
of equal first cost and of equal mainten- 
ance expense would be with normal 
five or six-car trains. Other consider- 
ations such as flexibility of movement, 
terminal switching, acceleration requi- 
rements, schedules, labor costs, etc., 
would usually control the choice bet- 
ween locomotive operation and that of 
multiple-unit cars, 


Availability of locomotives. 


In spite of recent radical improve- 
ments in steam locomotives discussed 
above, there is a considerable difference 
in the availability for service between 
steam and electric motive power, This 
varies with different types of ‘service, 
and indeed there may be certain classes 
of service where the limitations of traf- 
fic may nearly or quite offset any ad- 
vantage of electric equipment in this 
regard. It may be said, however, that 
electric locomotives are normally avail- 
able for service a larger percentage of 
the time than are steam locomotives, not 
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only on an annual basis, including 
shopping, but on a daily basis, taking 
into account such operating items as 
boiler-washing, refueling, cleaning fires, 
etc. This to some extent, unless condi- 
itons of traffic prevent, tends to offset 
the higher cost of electric equipment. 


Train crews. 


As stated above, the capacity .of steam 
locomotives has of recent years been 
steadily increased. In spite of this, 
however, there are definite limits to the 
capacity of an individual unit of steam 
motive power. The width of the fire- 
box and the diameter of the boiler are 
limited by the track clearances, and the 


length of the locomotive is limited by - 


various considerations. The aggregate 
power may be increased by adding sepa- 
rate locomotive units, but this means 
two additional men in the crew for each 
locomotive added. Electric locomotives 
on the other hand, may be readily uti- 
lized in any power capacity desired by 
merely adding units or cabs with multi- 
ple-unit control, the practicable limit be- 
ing the strength of draft gear of the cars 
to be hauled; no additional personnel 
is necessary where the units or cabs may 
be coupled together. This high available 
capacity of electric locomotives allows 
the operation of longer trains, especially 
where grades are heavy, and this often 
represents a distinct saving in expense. 

A further example of crew saving 
made possible by electrification is in the 
operation of multiple-unit cars. While 
two men are required for electric as 
well as for steam locomotives, in the 
territory covered in the present report, 
one man may operate a motor-car train. 
This may be an important item in con- 
sidering electrification. There is no 
fundamental necessity for a second man 
or helper in an electric locomotive cab, 
provided various precautions are taken. 
If in the future it is permitted to operate 
in that manner, further important eco- 


nomies may be credited to electrifica- 
tion. 


Terminal operation. 


There are various types of terminals 
in railroad operation; the three most im- 
portant are: 


1, Locomotive terminals; 
2. Passenger terminals and 
3. Freight terminals. 


These are often closely interrelated 
from an operating point of view, but 
may be analyzed separately as regards 
electrification. 

A considerable part of locomotive oper- 
ating expense is in the terminal, or en- 
gine house. When a steam locomotive 
reaches its terminal, it must undergo a 
relatively complicated process, for in ad- 
dition to a general inspection, the ashes 
are dumped, fuel and water added to 
the tender and other duties performed, 
and at certain intervals fires must be 
drawn and the interior of the boilers 
washed. All this requires rather exten- 
sive facilities and a relatively large per- 
sonnel at each engine terminal. It is 
often necessary to locate engine terminals 
near centers of population on land of 
considerable value, and a relatively large 
area is often required for the necessary 
facilities, which usually include one or 
more turntables, as well as round-houses, . 
coal pockets, ash-handling facilities, in- 
spection pits, etc. The cost of remoying 
ashes from a large engine terminal in the 
centre of a city may alone be a major 
item of operating expense. As compared 
with all this, the electric engine terminal 
is a relatively simple affair. No turn- 
table is required for the electric locomo- 
tive, which may be operated equally 
readily in either direction; no coal 
pockets are necessary, though in some 
cases fuel-oil and water must be handled 
in small quantity for passenger-train 
heating. Inspection pits are generally 
provided, but no ash-handling facilities 
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are necessary; a much larger share of the 
terminal labor may be performed within 
the shelter of the cab of the electric lo- 
comotive than is the cdse with the steam 
locomotive, with the result that less ela- 
borate shelter is necessary. Many elec- 
tric locomotive terminals in fact, have 
no building at all, whereas the « round- 
house » is an integral and essential part 
of nearly all steam locomotive terminals. 

The comparison of steam locomotive 
operation and maintenance with that of 
multiple-unit motor cars is somewhat 
more involved than merely a consider- 
-ation of replacing steam with electric 
motive-power units. Many problems en- 
countered with locomotive-hauled equip- 
ment disappear when the traction motors 
are mounted directly upon the cars, and 
conversely other problems are met in 
motor-car operation which do not exist 
with locomotives. Much of the equip- 
ment for multiple-unit cars is necessarily 
mounted under the car body. Pit fa- 
cilities are thus desirable for inspection 
and maintenance, and since each motor- 
car of a long train may require similar 
attention, it may be necessary to install 
such pit facilities to take care of entire 
trains. If each terminal track for mul- 
tiple-unit cars is not equipped with a pit, 
a portion at least of the tracks must be 
so arranged that any maintenance work 
which may be necessary may be per- 
formed. With locomotive operation, the 
coaches may be left on remote storage 
tracks for cleaning, etc. and the locomo- 
tive moved to a relatively small inspec- 
tion area. All this means that the ter- 
minal maintenance facilities must usual- 
ly be more extensive for multiple-unit 
ear operation than for electric locomo- 
tive operation, though, of course, the 
actual terminal trackage is no greater, 
and in fact is usually less than for an 
equivalent number of coaches plus elec- 
tric locomotives. Elaborate steam faci- 
lities are necessary for heating coaches 
in winter at the terminals, which are 


not necessary in the case of multiple- 
unit cars. 


One of the characteristics of multiple- 
unit car terminal operation is that no 
switching locomotives are required to 
make up trains, for obviously the cars 
supply their own motive power for this 
purpose. This may be of great value, 
especially when the terminal tracks are 
Stub-end. It is apparent that when a lo- 
comotive brings a train into a stub-end 
terminal track, it cannot be released for 
a return trip until] the cars can be hauled 
away. On the other hand, a multiple- 
unit car train is ready to depart cither 
as a unit, or in part, for a return trip, or 
a trip to the inspection tracks, as soon as 
the motorman can walk to the other end 
of the train. All this, of course, increases 
flexibility of terminal operation. 


The space released by elimination of 
turntables, coal pockets and ash-handling 
facilities, etc. may be used for storage 
tracks which are usually much needed in 
any busy terminal. Furthermore, if mul- 
tiple-unit cars are used for suburban traf- 
fic, the effective terminal capacity as 
pointed out above, is increased by the 
reduced amount of switching necessary. 
Considering the value of ground area in 
a busy passenger terminal, the more ef- 
fectively the property can be used, the 
better. 

Mention should be made here of an ar- 
rangement of terminal tracks and oper- 
ation, possible under special conditions, 
which simplifies the operation of stub- 
end terminal tracks under steam oper- 
ation. In some instances, especially on 
short runs, trains are operated with 
steam locomotives on each end of the 
train, so that no terminal switching is 
necessary, The expenses of this kind of 
« shuttle » operation are of course rela- 
tively high, since complete duplication of 
locomotives and crews is necessary. An- 
other type of terminal operation includes 
so-called « dock tracks », sort track stubs, 
near the entrance to each individual ter- 
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minal track, on which switching loco- 
motives may be stationed while waiting 
.for the arrival of a train at the terminal. 
As soon as the train has reached the 
platform the waiting locomotive is moved 
to the terminal track and coupled to the 
train and is ready to haul the cars to 
the storage yard; the road locomotive 
which brought the-train into the terminal 
is thus immediately released, 
track cleared for the next train. 

If all service entering a terminal can 
be electrically operated, the terminal 
apnea may be more intensively used by 
installing two-level operation. While 
this, of course, does not permit actually 
doubling the terminal facilities, on ac- 
count of the necessity of ramp tracks, 


supporting colums, ete., nevertheless it~ 


does allow greatly increased terminal 
track mileage in a given space. This use 
of terminal space, provided no steam lo- 
comotives are allowed to operate in the 
terminal, may be made even more inten- 
sive by utilizing the « air-rights >», the 
space above the terminal tracks, for 
revenue-producing buildings. : 
The economic value of the use of the 
so-called air rights over the terminal 
tracks may vary greatly under differing 
conditions. It may be very high in some 
localities and may be quite unimportant 
under other circumstances. In some ci- 
ties the railroad terminal is close to the 
center of business and occupies land 
which has great value. In these cases it 
would be of great benefit to use the 
area over the terminal tracks for buil- 
dings, because obviously there would be 
a high demand for hotel or business fa- 
cilities in buildings which could be phy- 
sically connected with the passenger 
terminal. In several instances in the 
United States, where passenger terminals 
have been electrified, advantage has been 
taken of this feature, which has been an 
important factor in paying the fixed 
charges on the electric installation. 


In many cities on the other hand, the 


and the 


terminals are not located on property 
which is in demand for hotels or of- 
fices, and making available the air rights 
over the tracks by electrification would 
not of itself produce adequate return. 
It is true that the elimination of smoke 
and noise of steam locomotives might 
eventually increase the attractiveness and 
thus by changing the center of business, 
create a demand for revenue-producing 
buildings over the tracks, but if the time 
required to accomplish this were con- 
siderable, the delay, unless other advan- 
tages were available in the meantime, 
might well result in a net loss to the 
railroad. This is especially true where 
property taxes are levied against the 
railroad. The increase in property value 
due to electric operation is under these 
cicumstances a direct charge against the 
electrification. 

In some cases where electrification of 
passenger terminals has been accom- 
plished, the controling reasons for chang- 
ing the standard operation have been 
mainly other considerations than termin- 
al operation. In these cases, whatever 
terminal advantages there may be due to 
electrification are superimposed upon the 
other advantages or economies. 


Freight terminals are not as a rule lo- 
cated where property is of the highest 
value — even potentially —, though un- 
der special conditions there are impor- 
tant exceptions to the rule. In large 
commercial or industrial centers it has 
been found desirable’ to establish ware- 
house and storage buildings into which 
railroad tracks are run to platforms for 
unloading the cars. In such cases a 
form of motive power other than steam 
locomotives is obviously desirable. In 
some instances, where operation into 
buildings is proposed, internal-combus- 
tion engine locomotives may be operated 
in coordination with steam locomotives. 
It is however often the case that freight 
terminal facilities may be advantageous- 
ly operated as extensions to an existing 
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electrification. Unified operation in any 
given territory is economical from many 
viewpoints. This type of problem may 
sometimes be solved by the use of 
« three-power » locomotives, that is, elec- 
tric locomotives equipped also with in- 
ternal-combustion engines and _ storage 
batteries for use on short sections of 
track which it may not be found practi- 
cable to electrify, but normally taking 
power from the distribution system. The 
economies in fuel consumption and in 
maintenance of equipment are high in 
this type of service, for in yard switching 
the steam locomotive is operated under 
more unfavorable conditions than in any 
other kind of operation. The elimination 
of smoke and noise may be of importance 
to the railroad under some conditions 
from a civie standpoint. 


Suburban operation. 


This is usually by nature closely allied 
to passenger terminal operation, for it is 
often the case that steam railroad subur- 
ban service of any magnitude necessarily 
delivers and takes its passengers at a 
point not far from an important center 
of population. The problems of hand- 
ling suburban service, while they include 
the terminal, are nevertheless broader, — 
the terminal problem may be but a minor 
component part. 


The chief advantages accruing from 
electrifying suburban service, some of 
which have already been mentioned, may 
be briefly summarized as follows : 


1. Fuel saving; 

2. Saving in locomotive crews; 

3. Reduction in cost of maintenance. of 
equipment; 

4, Accelerated schedules; 

5. Smoke abatement; 

6. Terminal operation; 

7. Added incentive to travel. 


Some of these advantages are overlap- 
ping and many of them may be said to 
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be general, in that they would apply to 
any branch of railroad operation. The 
chief advantages of electrification often 
appear in suburban service. 


Against the advantages, however, there 
are disadvantages mainly due to relative- 
ly high capital investment with low fac- 
tor-of-use or load-factor, on account of 
the so-called « fleet movement » of trains 
into the city in the morning and away 
at night, which creates high peak de- 
mands, with litthke demand during other 
hours. The high capital expenditures are 
thus divided by relatively small traffic 
mileage, and it is obvious that, once the 
installation is made, operating economies 
are in general proportional to the traffic 
mileage. This low load-factor of subur- 
ban service, of course, applies not only to 
the power supply, but also to the cars, 
track, signals, power distribution system, 
in fact to all departments of the railroad 
operation. 

A‘number of problems in electric oper- 
ation of suburban service may be brought 
about by dual steam and electric oper- 
ation in the same territory, which is the 
case if the electric equipment handles 
only the suburban service, and steam lo- 
comotives handle <« through » passenger 
and freight traffic in the electric zone. 
This kind of operation necessitates du- 


plicate engine terminal facilities, and 
thus practically ‘double costs on that 
large item of operating expenses. The 


smoke from steam locomotives in electri- 
fied territory is very deteriorating to 
whatever overhead electric contact sys- 
tem there may be, and results in unduly 
high maintenance expenses for such fa- 
cilities. These evils are in some in- 
stances mitigated by electrifying the 
« through » passenger and the freight 
service in the electrified zone, and thus 
eliminating the steam locomotive entire- 
ly, at the same time filling the valleys 
or low points between peaks in the load 
curve, and thus increasing the factor-of- 
use of the electric power generating and 
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distributing facilities. There is still in- 
volved in such cases, however, a dupli- 
cate locomotive terminal at the limit of 
the suburban territory, and the necessity 
of stopping « through » trains for change 
of motive power, with consequent delay 
and expense. The necessary double loco- 
motive terminal means also not only high 
expense of operation, but very often, 
in addition, the electric locomotive in- 
vestment is superimposed upon the ca- 
pital represented by the steam locomo- 
tives, with little opportunity to release 
steam equipment in spite of the reduced 
steam locomotive miles. This duplication 
also applies to some extent to the loco- 
motive crews. 


In some cases suburban territory in- 


cludes a nomber of branch lines forming ~ 


a sort of network. While the service 
into the terminal may be exceedingly 
heavy under these conditions, it may hap- 
pen that the service over any individual 
branch may be very light, that is, the 
factor-of-use of any individual mile of 
track may be low. This means that the 
high capital expense of a large mileage 
of power distribution facilities may per- 
haps be divided by relatively few car- 
miles per year, and since the savings 
are in general dependent on the car- 
miles operated, the result may be that 
the economies will not pay the fixed 
charges. A railroad suburban zone with 
a multiplicity of branches is, other things 
being equal, less attractive from the 
standpoint of electrification than is a ter- 
ritory where the traffic is operated over 
a single route. 


There is throughout the territory in- 
cluded in this report, more mileage of 
what may be called suburban electrifica- 
tion than of any other kind of electric 
operation. Jn‘a considerable proportion 
of the installations of this type, 
« through » passenger traffic within the 
electrified zone is operated by electric 
locomotives. In the other instances, elec- 
tric operation is confined largely to the 


suburban passenger service (see appen- 
dix). 

The fuel saving in suburban service is 
usually relatively more important than 
in other kinds of service (except in yard 
switching), for the frequent stops and 
acceleration of trains in local service 
results, as has been pointed out above, 
in relatively unfavorable loading condi- 
tions on steam locomotives, and thus low 
operating efficiency. Furthermore, as 
has already been said, the standby losses 
in steam locomotives in suburban ser- 
vice are relatively high on account of 
station stops and the short distance be- 
tween terminals, resulting in short loco- 
motive runs. The electric motive power 
is not subject to these limitations. 

In analyzing costs of power and com- 
paring with steam locomotive fuel costs, 
consideration must.be given to the fact 
that with more rapid acceleration and 
higher speeds which usually accompany 
electrification, the power consumption is 
necessarily greater than it would be at 
the old rate of acceleration and speed. 
Direct comparison should obviously cor- 
relate the power costs as of the same 
schedules, and the increased power con- 
sumption due to better service should be 
so charged, 


It has already been pointed out that 
the saving in locomotive crews through 
the use of motor-cars is on the order of 
one-half, since the normal practice in 
steam locomotive operation requires two 
men per locomotive, whereas but one 
man is required at the front end of the 
motor car train. This is one of the most 
important economies in suburban electri- 
fication. A not unimportant corolary of 
this feature is the economical operation 
of more frequent service, especially in 
short trains outside of rush hours, which 
is made possible by the reduction of 
train crew personnel. 

A further advantage of off-peak oper- 
ation of short trains lies in the fact that 
off-peak electric energy is _ relatively 
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cheap, as it is not subject to demand 
charges. The fuel cost with the steam 
locomotive is the same regardless of the 
time of day. In this connection it may 
be logically pointed out that the energy 
consumed in the operation of a motor-car 
train is roughly proportional to the num- 
ber of cars operated in the train, while 
with locomotive-hauled trains, the weight 
of locomotive and tender being constant 
regardless of the length of the train, be- 
comes relatively a more important item 
of expense, the shorter the train. 


The motor-car train. allows a very 
ready and convenient means of substan- 
tially increasing stheduled speeds in sub- 
urban service where stops are frequent. 
The application of power throughout the 
length of the train makes possible an 
acceleration rate which it would be dif- 
ficult to obtain with a long train drawn 
‘by a locomotive. Wherever suburban 
service has been electrified, schedules 
have been accelerated, with consequent 
attraction of additional traffic. This has 
also allowed a substantial increase in 
track capacity, especially during rush 
hours, when trains are operated on close 
headway. 


The smoke abatement due to electrified 
suburban service tends to attract pas- 
sengers, not only on account of the in- 
creased luxury of riding in itself, but 
on account of the fact that property 
along the electrified zone becomes more 
desirable and is thus chosen more gen- 
erally for residential purposes. Each 
added residence in suburban territory 
not only increases passenger service de- 
mands, but also freight traffic on ac- 
count of commodities, such as fuel, 
building material, food, etc. required by 
the occupants. 


A minor but not unimportant item in’ 
suburban electric operation is in flexi- 
bility of switching cars. This has been 
mentioned in connection with terminal 
operation, but in addition it has in some 
cases been found economical in electri- 


fied suburban territory where branch 
service is a consideration, to cut in two 
outward bound trains of motor cars, 
sending some of the cars on the branches 
while the main portion of the train pro- 
ceeds along the main line. The process 
is reversed in incoming trains. The same 
kind of operation is applicable to mixed 
local and express service, — a portion 
of the train may be dropped off at a 
station, proceeding as a « local » after 
the rest of the train has proceeded as 
an « express », This method of operation 
economically provides added _ service 
which would be expensive under condi- 
tions of steam operation. Increased ser- 
vice usually results in increased traffic. 


It often happens that it is practicable 
to accomplish joint or coordinated oper-' 
ation between electrified suburban oper- 
ation and local rapid transit facilities, 
perhaps running the suburban trains over 
the tracks of the rapid transit company, 
often in a subway for local distribution 
of passengers. This kind of coordination 
is of course not practicable unless the 
standards of clearance and characteris- 
lics of electric power distribution and 
current collection, etc., are the same for 
the electrified railroad and local rapid 
transit organization. 


Tunnel operation. 


A long railroad tunnel, especially 
where there are heavy grades, may con- 
stitute a serious problem under steam 
locomotive operation, on account of 
smoke and gases. This results in incon- 
venience to passengers and train crews, 
and may involve delay to service. Such 
long tunnels usually require more or 
less elaborate ventilating systems, and 
even with these, there may be condi- 
tions of service or weather which may 
make operation difficult. In some in- 
stanees, even under favorable condi- 
tions, such tunnels with steam operation 
may constitute a limitation to the traffic 
capacity of the railroad and become 
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« bottle necks >. In these cases the al- 
ternatives usually lie in construction of 
a second tunnel bore, for additional 
tracks, or electrification of existing 
tracks. Of these alternatives, electrifi- 
cation of the tunnel in spite of its draw- 
backs, may be found to be the more eco- 
nomical. 

The drawbacks of electrification under 
these circumstances lie mainly in super- 
imposing the expense of electric locomo- 
tives on that of steam locomotive oper- 
ation, and sometimes also in the inter- 
rupting of advantageous steam locomo- 
tive runs, and in the duplication of en- 
gine terminal facilities and of lJocomo- 
tive crew expenses; in fact, the entire 
electric operation costs in tunnel elec- 
trification are in general practically su- 
perimposed upon those of steam oper- 
ation. In spite of the drawbacks, how- 
ever, this kind of operation has been 
found justified in a number of instances 
in the territory covered in the present 
report, not only in the case of isolated 
funnels but in one or two cases in tun- 
nels operated in connection with terminal] 
operation. In some instances, electrifi- 
cation which was installed primarily on 
account of isolated tunnel operation, has 
been subsequently extended to include a 
natural operating district, advantage be- 
ing taken in these instances of other eco- 
nomies accruing from electric traction, 
especially in the operation over long 
heavy grades, both ascending and des- 
cending and in handling dense _ traf- 
fic, etc. 


Mountain grades. 


In hauling heavy trains up long grades, 
the steam locomotive in spite of recent 
improvements, is at a disadvantage, both 
as regards efficiency and capacity. It is 
often necessary to operate steam locomo- 
tives under these conditions, two or three, 
or even more, to a train, to secure the 
necessary capacity. With electric loco- 
motives, on the other hand, as has been 
already pointed out, capacity to any rea- 


sonable extent can be obtained by in- 
creasing the component units of the elec- 
tric locomotive, all the units being under 
the ready control of a single individual. 
The economy on this account may 
amount to a very considerable item. 
The advantages in such electric oper- 
ation furthermore are not all indicated 
on ascending grades. One of the diffi- 
cult problems of railroad operation is 
the handling of heavy trains on long 
descending grades. Electric traction 
motors can be arranged if desired, to 
act as generators to convert the mechan- 
ical energy of the moving train to elec- 
tric energy, just as they convert electric 
energy to mechanical énergy in hauling 
the train. The electric energy thus gen- 
erated on down grades may be fed back 


‘into the power distribution system to 


serve as useful power to assist in moving 
other trains, or for commercial purposes; 
or it may be absorbed on the locomotive — 
itself in the form of heat. In the first 
instance, to feed power back into the 
line, the necessary equipment on the 
locomotive is somewhat more complicat- 
ed than in the second, where electric 
braking only is accomplished, but the 
conservation of the power is of course an 
advantage as compared with its waste 
or dissipation as heat.. Several railroads 
in the territory covered in the present 
report, which operate in mountainous 
districts, have taken advantage of the 
various general economies, as well as 
the special advantages which electrifica- 
tion provides under these conditions (see 
appendix). In most of the instances re- 
generation is accomplished on descending. 
grades. It is of interest that the railroads 
which feed power thus regenerated back 
into the transmission system are in many 
cases so situated that the economic value 
of the energy thus saved is relatively 
small, for in most of the instances the 
power is originally generated either at 
hydro-electric plants or in steam power 
plants which are situated near coal mines 
where the fuel cost, and thus the ac- 
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tual economic value of the salvaged ener- 
gy as such, is relatively low. The chief 
value in electric braking is holding the 
trains on the grade and thus reducing 
wear-and-tear on the equipment and in- 
creasing the comfort and safety of oper- 
ation. The maintenance of brake-shoes 
is a large item of cost in operation on 
long descending grades. 


Smoke abatement. 


The steam locomotive burning soft 
coal, even with careful operation, neces- 
sarily produces smoke on occasions, and 
this is especially troublesome in popul- 
ous localities, although various investi- 
gations in different parts of the world 
have indicated that in urban districts the 
smoke produced by steam locomotives, 
even in busy railroad centers, is but a 
small part (on the order of about 6 %) 
of the total smoke in the air which the 
people breath. The smoke emitted from 
locomotives, however, is released at such 
low altitudes that it is more obyious than 
that from tall chimmeys, and is thus more 
subject to comment. It is of course true 
that there is a possibility that this char- 
acteristic of steam locomotives may be 
overcome in the future, but little pro- 
gress in this regard has been made up 
to the present time. 

There are of course instances where 
the reduction of smoke may be of econo- 
mic benefit to the railroads as well as 
of civic advantage to the community. 
Reference has been made to situations 
of this sort in suburban service and in 
terminal and tunnel operation. There 
may be advantages in reducing smoke 
in order to attract traffic to the rail- 
road, especially where there is a tenden- 
ey for traffic to be diverted to some 
other form of transportation. As has 
been pointed out, electrification of sub- 
urban traffic for instance, may create a 
tendency towards building up the sub- 
urban territory served by the railroad on 
account of increasing the comfort of 


travel, and on account of the added at- 
tractiveness of property along the rail- 
road for residential purposes. The, in- 
creased values at terminals made poss- 
ible by reduction of smoke, has also been 
referred to. The absence of smoke from 
steam locomotives may also attract (es- 
pecially in summer) travelers who would 
otherwise use their own automobiles or 
patronize highway coaches. It has been 
the experience of a number of roads 
that the electrification of suburban ser- 
vice has definitely caused increased traf- 
fic, and some of this increase has un- 
doubtedly been due to the increased 
cleanliness of travel. It is true that in 
some instances suburban commuter traf- 
fic (especially from points relativeliy 
close to the urban terminals which can 
often be more economically handled by 
local rapid transmit facilities) does not 
preduce adequate financial return to the 
railroad handling it. Nevertheless, it is 
important that having undertaken the 
responsibility for handling this class of 
traffic, railroads make as economical use 
of the facilities as possible. Further- 
more, the advantages of cleanliness and 
better service may be translated into 
higher fares from the commuters, to thus 
reimburse the railroad for value re- 
ceived. ; 

There is a tendency in some instances 
on the part of public authorities to re- 
quire railroads to electrify in order to 
reduce smoke. Irresponsible action of 
this kind which may force railroads to 
spend large sums of money without ade- 
quate return, is highly pernicious, and 
will inevitably result in retarding the 
normal economic development of elec- 
tric traction, and will thus be of great 
harm in the long run, not only to the 
railroads, but to the people whom they 
serve. If the railroads are to be asked 
to refrain from emitting smoke, other 
industries should, of course, be included, 
and the public which expects to benefit 
should participate in the costs. 
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Increased speed. 


The steam locomotive of present stand- 
ard design has reciprocating parts, and 
this means necessarily unbalanced dyna- 
mic mechanical forces. These unba- 
lamced forces become of increasing im- 
portance as the speed increases, and at 
high speeds they may be very consider- 
able, and provision is necessary to in- 
sure that they do not adversely affect 
either the machine itself or the track 
and bridges over which it runs. In the 
case of the electric locomotive on the 
other hand, the moving parts are usually 
all strictly rotating so there is no necess- 
ity for any unbalanced dynamic forces 
at any speed. This means that the elec- 
tric locomotive is relatively more favor- 
able mechanically at high speeds than 
the steam locomotive. Under conditions 
where there is a tendency for traffic to 
be diverted from the railroads in favor 
of other means of travel, it may well be 
found desirable to increase schedule 
speeds, and in such event serious consi- 
deration may be given to the replacing 
of the steam locomotive by the electric 
locomotive for long « through > runs. 
It is true that steam locomotives are in 
service, which were designed to be run 
at very high speeds, and do successfully 
operate at such speeds, — nevertheless 
the mechanical stresses under these con- 
ditions are high and this means careful 
and costly maintenance of the machines 
themselves and of the track over which 
they operate. 

The increased schedule speed made 
practicable by multiple-unit cars on ac- 
count of rapid acceleration has already 
been mentioned in connection with sub- 
urban service. Notable: acceleration of 
schedules has usually been made with the 
inauguration of electrification on various 
suburban projects and this has undoub- 
tedly added to the traffic demands. 


Miscellaneous. 


-The unbalanced dynamic force of 
steam locomotives traveling at high 


speeds has been mentionned. These un- 
balanced forces exert pressure on rails 
and bridges often far greater than the 
mere weight of the locomotive itself. 
This necessitates heavier bridges for a 
given weight of equipment than with 
electric locomotives where all important 
moving parts are purely rotating. It 
sometimes occurs that the cost of rebuil- 
ding or reinforcing bridges for increas- 
ing weights and speeds of steam locomo- 
tives, may be saved by the introduction 
of electric motive power. The ability to 
increase the concentration of tractive 
power by adding units or cabs of electric 
locomotives, that is, by virtually length- 
ening the weel base of the locomotives, 


_also acts to the advantage of electrific- 


ation in this respect, in a manner which 
may under some conditions be of great 
importance. In the same way, electrific- 
ation may under some circumstances 
make unnecessary a program of rebuild- 
ing turntables and roundhouses to take 
care of. increasing over-all lengths of 
steam locomotives and their tenders. 

A number of other considerations, the 
evaluation of which is difficult, are made 
available by electrification. The absence 
of cinders dropped on the track ballast 
by steam locomotives reduces the neces- 
sity for cleaning the ballast as often as 
is otherwise necessary. Bridges over the 
tracks do not require painting as often 
with electric operation as with steam, 
though it is true that this advantage is 
somewhat offset by the fact that where 
there is overhead contact construction, 
the cost of painting overhead bridges may 
be slightly increased. The danger of 
setting fires, especially in woodland or 
prairie districts due to hot sparks from 
the stacks of steam locomotives is of 
course eliminated with electric operation. 
The visibility of the track ahead and of 
signals, is usually considerably more fav- 
orable from the cab of the electric loco- 
motive or multiple-unit car, than from 
the steam locomotive, though this advan- 
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tage may be somewhat discounted where 
cab signals are employed. 

One of the difficult railroad operating 
problems in some sections is the supply 
of proper féed-water for steam locomo- 
tives. It is offen expensive and some- 
times nearly impossible to obtain econo- 
mically and treat adequately such supply 
in outlying districts. This problem is 
not present with electric operation. One 
of the important incidental advantages 
of electric operation is the availability of 
electric power along the right-of-way in 
electrified territory. for miscellaneous 
purposes, such -as station lighting, shop 
power, power for track tools, etc. Feed- 
-érs of proper characteristics may be 
readily. supported upon the facilities 
provided for the support of the power 


distribution system and arranged for 
tapping at convenient points. Such 
power, without electrification, would 


usually not be economically available in 
rural districts through which the rail- 
road operates; and even in suburban or 
urban territory may be usually more 
economically furnished from the traction 
system than in any other way. 

One advantage which may be seriously 
taken into consideration if railroads are 
government-owned, or subsidized by the 
State, is the saving of time of passen- 
gers in transit. Such savings, amounting 
to-even a few minutes per day, multiplied 
by passengers carried per year, repres- 
ent a total aggregate which is startling. 
Privately’ owned railroads, of course, 
eannot logically capitalize such advan- 
tage unless they can be translated into 
increased fares, but with publicly-owned 
‘railroads the case is different. Govern- 
ment-owned railroads may also of course 
include in the contemplated economies of 
electrification, the appreciation of land 
and property values along the right-of- 
way, which may undcr some conditions 
amount to very jarge figures, and in such 
cases would produce direct returns in the 
form of higher taxes. Privately-owned 
companies of course cannot, do this, and 


electrification. 


ally, but .chronologically. 


increased assessed values on property 
used for railroad purposes, as pointed 
out above, may be an actual debit against 
In this. connection, men- 
tion has also been made of the possi- 
bility of serious increase of taxes when 
a direct property tax is levied upon a 
railroad, and of reduction in- the savings 
from electrification on account of income- 
tax levies which are charged against net 
income. 


Conclusion. 


An attempt has been made to discuss 
briefly the expenses due to electrifica- 
tion, and to analyze the sources of eco- 
nomy or indirect advantages made poss- 
ible as an offset to the heavy capital 
and operating expenditures involved in 
the installation, and to indicate in a 
very general way to what extent, in the 
various countries, covered in the report, 
these considerations have operated (see 
appendix). It is impossible to present 
specific comparative figures of steam 
and electric operation which would be 
of general value, and no attempt has been 
made to do so. Data received in reply to 
questionnaires issued by the Associa- 
tion and from other sources are widely 
divergent and indicate that conditions 
vary exceedingly, not only geographic- 
Each indivi- 
dual example of any proposed electrifi- 
cation must thus be analyzed with great 
care, with consideration of local condi- 
tions of such items as fuel, labor, finance, 
power supply, etc. Density of traffic, 
which is a measure of factor-of-use of 
the facilities employed in electric trac- 
tion, is, other things being equal, a mea- 
sure of the direct return from any elec- 
trification project. Obviously the more 
intensive the use of a given facility, the 
greater the return on its cost. 

Improvements are constantly being 
made in steam and internal combustion 
locomotive design and construction as 
well as in electrification standards. It 
is a temptation of conservative railroad 
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managements to await ultimate develop- 
ments before deciding upon policy. Such 
philosophy is not readily defensible and 
if widely adopted would result in serious 
stagnation of progress. 

Each of the heavy electrification pro- 
jects already installed is satisfactorily 
functioning and has without doubt ful- 
filled the economic and operating re- 
quirements under which it was installed. 
While many of these existing electrifica- 
tions were originally started as solutions 
for some local problem, a number of 
these have been extended in scope and 
territory to take advantage of general 
broad economies, and it is probable that 
the installation of electric traction pro- 


jects will show increasing growth as - 


time goes on. 


II, — SELECTION OF SITES FOR 
GENERATING STATIONS. 


There are perhaps three main types 
of electric generating stations — hydro, 
steam and internal combustion engine. 
The selection of sites is of course affec- 
ted by many considerations, only a few 
of which can be briefly analyzed in the 
present report. No attempt is made to 
analyze economies of production as 
among the various types of plant. 

In selecting the location of a power 
plant, consideration should be given to 
the kind of load which is contemplated. 
If a base load is to be carried and the 
facilities are thus operated at high load- 
factor, a more elaborate design of all 
parts of the installation for maximum 
economy is justified than in cases where 
high peak loads are to be carried, and a 
relatively small amount of energy output 
is required, or where the facilities are 
to be used mainly as standby for other 
plants. It may be said as a general thing 
that the higher the factor-of-use of any 
facility, the more capital can be advan- 
tageously expended upon that facility, 
other things being equal. 

The same philosophy applies to loca- 


tions of plants relatively to their load. 
If a base load is to be carried, the plant 
may economically be located relatively 
further from the center of the load than 
when this is not the case, since the 
higher the factor-of-use or load-factor of 
the transmission line, the more energy 
will be transmitted relative to its capa- 
city. Conversely it is obvious that if a 
plant is to serve mainly as a standby plant 
and where the operating costs will thus 
be a relatively smaller part of the total 
costs, the location with respect to the 
load should be chosen largely with the 
idea of convenience and reliability (the 
transmission distance being as short as 
practicable) rather than with the idea of 
maximum economy of operation. 

An important consideration in selec- 
ting the location of any power plant is 
the accessibility for operators and ma- 
terials. The hauling of heavy machinery 
which is utilized in power plant instal- 
lation is a very serious question unless 
adequate and economical means for 
handling such weights are provided. 
This applies not only to the original 
installation but to ithe subsequent pro- 
blems of maintenance. Railroad con- 
nection into the plant for handling 
heavy materials is exceedingly conve- 
nient and may be a controling factor 
in the choice of location. Rail connec- 
tion is usually installed if possible, 
wherever coal is used as fuel, and this 
may be used of course for other mate- 
rial. If rail connecti6n is not available 
and delivery by water is practicable, 
heavy materials may often be economi- 
cally handled by this means into the . 
plant. Road facilities are obviously an 
alternative to either rail_or water trans- 
port, but the transportation of heavy ma- 
terials by road may be very expensive 
and routine hauling of fuel by that 
means may add very heavily to the cost 
of power production. If oil or gas is 
burned as fuel, the supply connection 
by means of pipe lines may be very sa- 
tisfactory but this does not solve the 
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problem of transportation of heavy ma- 
terial, such as transformers or parts of 
generators and turbines or structural 
steel. : 

In connection with the accessibility 
of the plant location, it is of importance 
to consider the personnel which will 
operate the plant. Since operation of 
a plant is normally on a twenty-four- 
hour basis, two or three shifts or 
watches are usually employed for each 
operating duty, and a considerable num- 
ber of employes thus must reach and 
leave the plant every day. If there is 
not a community nearby where these 
employes may live comfortably, and tra- 
vel conveniently to and from their work, 
it is often necessary for the management 
to provide housing facilities of its own, 
because satisfactory service will not be 
received unless living conditions are at- 
tractive enough to induce the right kind 
of people to accept employment. If the 
plant is not accessible to an established 
community, it may indeed be necessary 
for the management not only to construct 
dwelling houses but to provide retail 
shops or stores, schools, churches, places 
of amusement, etc. This item is common 
to all types of power plants, though the 
number of people involved is smaller in 
the case of hydro-electric plants than 
with other kinds. 

Among other considerations of impor- 
tance in the. selection of a site for a 
steam power plant is the question of 
possible criticism from the neighbors due 
to smoke, cinders and noise, especially 
in urban or suburban territory. The item 
of noise also applies to the internal- 
combustion-engine plant. The facilities 
for storage on the premises of fuel, 
whether coal, oil or gas, the actual or 
potential value of the dand occupied, and 
the opportunity for expansion with the 
growth of load, are also important items. 
Not the least of the considerations is 
the provision for the power output, that 
is, the electric transmission and distri- 
bution facilities. If the power is to be 


used for railroad electrification, and the 
plant is located adjacent to the railroad 
right-of-way, this is not usually a serious 
problem, unless the right-of-way is too 
narrow or otherwise restricted to be of 
service, but if railroad property is not 
available, the physical requirements of 
the transmission line may be a controling 
factor in affecting the location of the 
plant. High-voltage transmission of 
power requires a considerable space un- 
less cables are employed, and cables 
for the higher voltages are expensive. 

Space is an important consideration in 
selecting the site for any power plant. 
Inadequate space for the necessary fa- 
cilities usually results in high operating 
costs and reduced reliability, for it means 
a constant compromise between ideal 
design (which includes the proper rela- 
tive location of the facilities with regard 
to each other), and the room available. 
This applies not only to the original in- 
stallation but to arrangements for sub- 
sequent growth or expansion. The land 
chosen for the site, therefore, should not 
be so expensive as to make the cost of 
adequate space too great. Plant facilities 
are increasingly being designed for out- 
of-door installation, to avoid the necess- 
ity for expensive buildings. This inclu- 
des all departments of the plant, boilers, 
turbines, busses, circuit breakers, etc. 
Such outdoor installations should be all- 
owed to spread over as Jarge an area 
as mecessary to permit the most favorable 
possible design. 


Hydro power plants. 


Hydro-electric plants may perform the 
following functions or a combination of 
functions depending upon the relation of 
such items as original cost of installation, 
continuity or reliability of water supply, 
local costs of fuel, and available steam 
facilities : 

1. Base load with steam plant connec- 
tion for peak load; 

2. Average load; 
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3. Peak load or emergency loads or 
voltage regulation, with steam plants for 
base load; 


4. To make up deficit of water for 
feeding other hydro-electric plants. 


It is obvious that a hydro-electric 
plant must be located in the vicinity of 
a fall of water; there is thus usually not 
much choice as to the general location. 
The amount of power available in a fall 
of water is measured by the product of 
the height of fall and the quantity of 
water falling. The supply of water 
should be reasonably constant, either by 
nature or by constructing storage facil- 
ities which will conserve the supply in 
times of plenty for use in times of 
drought. Full information as to water 
available should be determined in ad- 
vance by extensive preliminary surveys 
of the water-shed and collection of flow 
data over a period of years. The fluctua- 
tion in the supply of water may be sea- 
sonal or there may occur every few 
years, a year or two of dry weather 
which will seriously affect the flow. In 
either case, a standby supply of some 
kind is usually necessary, which may 
take over the load in dry times. This 
standby may be in the form of steam 
plant or internal-combustion-engine, or 
distant hydro-electric capacity, or it may 
be in the form of a large reservoir which 
is kept full at all times to be drawn upon 
in such emergencies. 

In developing a hydro-electric plant 
site, a dam is usually necessary. This 
should obviously be located at a point 
where its construction will be as inex- 
pensive as possible, everything consider- 
ed. A foundation at bed rock is usually 
necessary and the nearer this bed rock 
is to the surface, the more economical is 
the dam construction. Before final de- 
cision on the site is reached, deep test 
drillings should be made to explore the 
sub-strata, in order to so design the dam 
that there will not be ultimate slippage 


or settlement due to clay, shale, under- 
ground streams or voids. 

The power plant is not necessarily loc- 
ated at the dam site, though obviously 
the nearer the dam it is; the shorter will 
be the head-water installation and thus, 


‘other things being equal, the simpler and 


cheaper the construction. If often oc- 
curs that the best site for the power 
plant will be relatively far down stream 
from the dam, or even in another valley, 
if full advantage is to be obtained of the 
total maximum possible drop or fall of 
water. The connection from the head- 
waters to ‘the plant may be in the form 
of an open canal, a tunnel, a pipe or a 
combination of each. In some instances a 


- siphon over an intervening elevation may 


be found economical. Local conditions 
must determine the arrangement in all 
cases. 

A question sometimes arises as to the 
relative expense and advantage of install- 
ing an number of small plants along a 
stream as compared with a single high 
dam which would enable utilization of 


‘the entire drop at one location. Obvious- 


ly a single plant would have advantages 
in operating economies and in installa- 
tion cost, unless the amount and charac- 
ter of the area flooded and the expense 
of the high dam is sufficient to offset the 
advantages accruing from consolidation 
of the facilities. The cost of dam con- 
struction increases rapidly with increas- 
ed heights. ; 

It is of importance to design and loc- 
ate hydro stations so that they will not 
be adversely affected by flood conditions. 
It goes without saying that the utmost 
precaution, should be taken to avoid 


_danger of physical damage from floods, 


but in addition it sometimes occurs that 
unless the tail waters are adequately 
disposed of at times of flood, the loss of 
head at such times results in seriously 
impairing the output of the plant, and the 
abundance of water is under these cir- 
cumstances a drawback. 
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Adequate provision should also be 

made to prevent trouble due to ice. This 
may be among the serious operating pro- 
blems of hydro-electric plants and should 
be kept in mind in the location, design 
and construction of the facilities. 
_ The development of automatic oper- 
ation has enlarged the economic scope 
of small hydro-electric plants where. the 
output would not be sufficient to justify 
constant attendance. There are many 
such plants in operation, which function 
automatically, connecting themselves to 
the power system when water conditions 
and load conditions justify, and cutting 
themselves off when water is low or 
the load has dropped to a predetermin- 
ed amount. 

A somewhat special phase of location 
of hydro-electric plants exists where 
some elevated artificial storage may be 
made available to absorb power when 
water is over-plentiful, by pumping the 
surplus water into the storage reservoir, 
to be utilized at times of drought. Such 
a device may be designed to take care 
of seasonal variation or even daily con- 
ditions when the filuctuations are se- 
vere; the power plant being used at night 
or at periods of low demand, to pump 
water into storage for use during the 
day. It may even be possible if all con- 
ditions are favorable, to develop a system 
to utilize water power which may be 
superabundant in one locality as supply 
to another locality which may be tem- 
porarily Jacking in water, in pumping 
water back into the reservoir at night, 
or during other off-peak hours, to be 
used during the hours of demand. 

Another application of this general 
principle is in instances when capacity 
is relatively expensive compared with 
energy. . It is sometimes justifiable to 
pump water for storage by steam power 
even at a considerable loss of energy, in 
order to increase the available capacity. 

In some instances, natural storage re- 
servoirs have been installed near the 
head-waters or streams to retain the 


~ flow. 


flow during the natural period of plenty, 
usually in the spring, and feed it out to 
plants located along the stream as requi- 
red. Such regulation has worked very 
satisfactorily especially where the drai- 
nage-area of the stream is relatively 
small, and where the stream thus is sub- 
ject to sudden and severe fluctuations in 
In such. instances it is usually 
found desirable to locate a plant at the 
point where the stream flow is to be 
controled, in order to utilize the water 
as it is started down the stream from the 
storage reservoir. 

In some cases the storage reservoir is 
installed by the government primarily 
for flood control. In such instances the 
power requirements are necessarily se- 
condary, but the use of such energy as 
may be available may be an economic 
advantage, especially where provision 
can be made by interconnection of po- 
wer- systems for utilizing the power thus 
produced to supplement other sources. 

A coordination which may under 
some conditions be of considerable im- 
portance is that between hydro-electric 
generating facilities and navigation. It 
sometimes occurs that a dam or series 
of dams equipped with locks may be 
constructed which will impound water 
of sufficient depth to allow navigation 
on a stream or lake which would other- 
wise not be navigable. In such cases 
the joint use of the water for power and 
commerce may justify the expenditure 
of very considefable sums of money for 
construction which would not otherwise 
be economic. Either the power or com- 
merce might be considered a by-product 
of the other. A number of such instan- 
ces are in operation and others are pro- 
jected throughout the territory covered 
in the present report, 

A similar coordination scheme may be 
applied if conditions are favorable as 
between hydro-electric power develop- 
ment and water supply for municipal 
purposes, If surplus head is available 
in the city water supply, it is logical to 
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employ this energy usefully before deli- 
vering the water to the city supply 
mains. Such coordination may result in 
material economy. 


Steam power plants. 


Steam plants may perform any func- 
tion from base load to peak or standby 
service. The design and location are 
of course intimately associated with the 
service they are installed to perform. 

The location of steam power plants 
is a far more flexible matter than that 
of hydro-electric plants. Three funda- 
mental considerations must be met at 
any site selected : 


1. Condensing-water, free from corro- 


sive contamination due to manufacturing 
refuse or other cause, and in sufficient 
quantities to insure at all times a low 
enough temperature to obtain satisfac- 
tory vacuum in the condensers; 


2. Feed-water of proper characteris- 
tics for the boilers, and 


3. Supply of fuel and its economical 
delivery at the power plant. 


Three different types of fuel are 
usually contemplated in connection with 
steam plants, unless special conditions 
make other kinds locally economical 
(such as refuse of various kinds which 
would otherwise be of no value). The 
three fuels usually of importance are: 
1. coal, 2. oil, and 3. natural gas. 

Coal is under present conditions the 
most generally used of all fuels, on ac- 
count of the fact that its presence is 
most widespread. Oil is found in abun- 
dance in many localities and is next in 
importance. Natural gas is growing in 
importance rapidly, as means for trans- 
portation at high pressure by pipe lines 
are being developed. Coal is usually 
transported either by rail or by a com- 
bination of rail and boat. Few coal 
mines are located on tide-water or na- 
vigable bodies of water or streams, and 
nearly all the coal mined thus starts its 


journey by rail. Experiments have indi- 
cated the possibility of transporting pul- 
verized coal, suspended in water, in pipe 
lines, settling and drying the coal at the 
point of delivery. This however is not 
yet of a great economic importance. 

Coal-burning plants located on navi- 
gable water are usually equipped to take 
fuel from either railroad cars or boats, 
thereby obtaining the benefits of flexi- 
bility of transportation, both as regards 
rates and reliability. On this account, 
and considering the supply of conden- 
sing water, locations on large lakes or 
rivers and on tidewater are attractive 
as sites for steam plants. 

Oil may be transported by rail, water 
or through pipes, and the considerations 
mentioned above also apply to some 
extent to oil-burning plants as they do 
to coal-burning plants; in fact, in a num- 
ber of cases plants have been equipped 
for burning oil, coal or even gas in the 
same boilers, changing readily to the 
type of fuel which happens to be cheap- 
est at any given time. 

Natural gas is very abundant in some 
parts of the world, and provides an ideal 
fuel for steam power plants. Its use is 
extending rapidly with the development 
of high-pressure pipe transmission and 
storage, and it is possible it will be ge- 
nerally used in place of oil or coal in 
the not distant future. Plants equipped 
for burning natural gas or oil may be 
located at any convenient point where 
there is ample condensing-water and 
good feed-water, regardless of rail or 
water transport facilities, since merely 
a pipe connection is all that is required 
for the supply of fuel. 

A number of special conditions may 
determine the location of a steam plant; 
among these may be mentioned the use 
of waste heat in blast furnace areas. 
This kind of arrangement makes possi- 
ble the manufacture of power virtually 
as a by-product, and limitations in effi- 
ciency might therefore be _ tolerable 
which would not be considered in a 
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plant constructed solely for the produc- 
tion of electric power. These conside- 
rations apply also to some extent in con- 
nection with large gas plants and to 
other industries where coal in large 
quantities is used and where other de- 
mands for steam are _ considerable. 
Mixed-pressure turbines have greatly 
facilitated joint operation of this kind. 


From many viewpoints it is logical to 
contemplate locating power plants as 
near as possible to the source of. fuel 
supply and instead of transporting the 
fuel by rail, water, or pipe, to transmit 
the energy in the form of electric power 
-after it is generated. This is especially 
the case when it is possible to reclaim 
mine refuse (either anthracite or waste 
from coal-cleaning processes), which 
may have long been accumulating, and 
which it is not economic to transport 
long distances on account of high non- 
combustible content. This may be econ- 
omical under some _ circumstances, 
though it is generally true that there 
is not a satisfactory supply of con- 
densing-water, and sometimes even of 
feed-water, in the vicinity of coal mines. 
Furthermore, long distance transmission 
of power in large blocks is not accom- 
plished without considerable cost, in 
both capital and operation, and these 
costs must be recognized in any analysis 
of expenses. The question resolves itself 
in the last analysis to one of the relative 
expense of transportation of energy in 
such material form as fuel, as compared 
to transportation in the form of electric 
power. 


Internal-combustion-engine power plants. 


Internal - combustion -engine power 
plants are very flexible in their opera- 
tion and of high thermal efficiency, but 
the cost of installation is high and the 
size of individual units relatively small. 
This type of plant is sometimes used to 
earry peaks or as standby on account of 
its flexibility of operation, and some- 


times used for base load for small sys- 
tems on account of its high efficiency. 


The considerations for internal com- 
bustion plant locations are much the 
same as those for the location of steam 
plants, except that the problem of boiler- 
feed-water of proper quality and of con- 
densing-water of proper quantity does 
not apply. A relatively small supply of 
cooling water with a cooling tower if 
necessary, is usually adequate. The ques- 
tion of noise may be of importance in 
some neighborhoods, though proper pre- 
cautions are usually adequate to prevent 
complaints on this account. The supply 
of fuel is usually in liquid form, and 
thus may be delivered by pipe-line, but 
the problems of handling heavy con- 
struction parts usually make a rail con- 
nection desirable. Internal-combustion 
engines are available only in units of re- 
latively limited capacities, and this ob- 
viously affects the economical size of the 
plant which in turn affects its location. 
Internal-combustion engines may be fa- 
vorably operated under some conditions 
in conjunction with certain manufactur- 
ing processes which produce as by-pro- 
ducts, gases of a combustible nature. In 
these cases they are of course located 
close to the industries with which they 
are associated, and the power output fed 
into the general power system. 


Conclusion. 


A large number of considerations, of 
course, govern the choice of sites for 
power plants and an attempt has been 
made here to discuss briefly only a few 
of the more important items. It is ob- 
vious that in the space available, an 
incomplete review only is possible. It 
is the thought that this brief analysis 
may provide a vehicle for free discus- 
sion, which it is hoped will be forth- 
coming, and that the discussion will pro- 
vide data of value to the membership of 
the International Railway Congress As- 
sociation. 
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III. — CHOICE OF KIND OF CURRENT 
IN RAILROAD ELECTRIFICATION. 


One of the most widely-discussed 
questions in connection with railroad 
electrification is the question of the 
choice of the kind of current, that is, 
the « system » of electrification to be 
used. The term « system » used in this 
connection, generally refers to the sys- 
tem of power distribution, for it is on 
that basis that the power is delivered 
from the substations to the moving loco- 
motives or cars. Any one or more of a 
number of forms of electric power may 
be delivered as convenient to the sub- 
stations, and various types of traction 
motors and associated apparatus may be 


used on the electric rolling stock, receiv- - 


ing power from the distribution circuit; 
but once the characteristics of the dis- 
tribution system are determined, only 
those types of electric locomotives or 
cars which are adapted for using that 
particular form of power or « system >, 
may be utilized to collect the power and 
to operate over the tracks so equipped. 
Interchange over these tracks with mo- 
tive power of other standards is usually 
difficult or impossible. 

In the design of any railway electri- 
fication project, there are five major 
divisions : 

1. Power supply; 

. Power transmission; 
. Substations; 
. Power distribution; 


. Motive power (locomotives and mo- 
tor cars). 
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The choice of the system of electrifi- 
cation depends not only upon the adap- 
tability of each of these five divisions 
or departments to perform most effecti- 
vely the service required of it, but upon 
the inter-relation of all, and the economy 
and effectiveness of the installation as 
a whole. 

A number of different systems of 


power distribution have been developed” 
during the past thirty-five years since 
the inception of what may be termed 
heavy electric traction. This was na- 
tural, as there were no data available as 
to relative costs, and important develop- 
ments were constantly being accom- 
plished in each system, throughout most 
of this period. While it was natural, 
and perhaps necessary, that this diver- 
sity of development should have occurred, 
it has in many respects been most un- 
fortunate, for it has meant the unduly 
heavy expense of manufacture of appa- 
ratus which accompanies non-standar- 
dized designs and production, and it 
has meant. also a serious limitation of 
interchange of electrical equipment, and 
of joint track operation among neigh- 
boring railroads. The growing diver- 
sity of systems has also operated to 
retard or postpone certain electrifica- 
tion projects which would have been 
economically more than justified, be- 
cause of the disagreement among en- 
gineers as to the best method of electri- 
fication. There are now available suf- 
ficient data to permit full engineering 
agreement, and it is to be expected that 
the present decade will see complete 
standardization in any given territory, 
of all fundamental matters connected 
with railroad electrification. 

Among various systems of railway 
electrification which have been deve- 
loped, each individual installation was 
originally designed to meet some local 
problem, and there is no doubt that all 
of these projects have functioned as 
they were intended to function, and per- 
formed- successfully the operations they 
were designed to perform. The various 
systems thus operating may be divided 
into two major parts : 


1. Alternating current, and 
2. Direct current. 


Each of these may be in turn divided 
into several groups. 
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Direct-current power distribution sys- 
tems are now operated at any one of a 
number of nominal voltages. These volt- 
ages as operated in the territory covered 
in the present report, may be roughly de- 
signated as 600, 800, 1 200, 1500, 2 400, 
and 3000 volts. There is of course some 
actual variation from the nominal yol- 
tage zone in individual instances. 

Alternating-current power distribution 
may be subdivided fundamentally be- 
tween three-phase and single-phase, and 
-each of these subdivisions niay again be 
divided not only on the basis of voltage, 
as with direct-current, but also on the 
basis of frequency. Commercial fre- 
quencies have now been reduced to ge- 
nerally accepted standards of twenty- 
five cycles, fifty cycles and sixty cycles 


per second in the territory covered by~ 


this report. The two latter frequencies 
are too high for satisfactory use in al- 
ternating-current railroad power distri- 
bution, and the frequency which has 
been standardized for this purpose in 
the territory covered in the present re- 
port, is 25 cycles per second, though in 
other parts of the world lower frequen- 
cies are used. The frequency of 25 cy- 
cles was originally adopted as being the 
lowest frequency which could be used 
for incandescent lamp illumination, and 
it was the thought that as a compromise 
this frequency might be practicable for 
universal adoption. With the modern 
incandescent electric lamp, however, 
there is a noticeable flicker with 25 cy- 
cles, which has made the use of that 
frequency undesirable for general use, 
and while the 25-cycle frequency has 
persisted in certain localities, it is now 
used for general commercial purposes in 
only a limited and gradually diminishing 
territory. 

The lower the frequency, the more 
favorable is the design and construction 
of certain types of motors, and the more 
stable is the transmission of large blocks 
of power over long distances. On the 
other hand, the cost of. transformers 


rises with the lower frequencies and 
while electric lamps may be tolerated 
under some circumstances at 25 cycles, 
any lower frequency is entirely out of 
the question for general lighting pur- 
poses. This, of course, reduces the 
flexibility of use of lower frequencies. 

It is of advantage when two systems 
of different frequencies must be operat- 
ed in conjunction with each other to 
choose the frequencies so that there is 
a simple relation between them. Thus 
16 2/3 cycles is used with 50 cycles on 
account of the simple ratio of 1 to 3. 
The ratio of 25 to 60 cycles (5 to 12) 
as used in the United States also allows 
a fairly simple pole arrangement when 


synchronous frequency-changers are 
used. 
Although there is apparently more 


choice of detail among alternating-cur- 
rent systems than among direct-current 
systems, nevertheless actually there has 
been more complete standardization of 
alternating-current, where it has been 
adopted, in the territory covered in the 
present report. In the districts included 
there are no three-phase systems of po- 
wer distribution now in operation, all 
the alternating-current installations, ex- 
cept two, being operated with single- 
phase power distribution on the basis 
of nominal characteristics of 11 000 volts, 
25 cycles per second. The only single- 
phase electrifications not on this voltage 
are a short tunnel electrification which 
utilizes 25 cycles at 3300 volts on the 
trolley and a suburban installation 
where 25-cycle, 6 600-volt distribution is 
employed. 

The systems of electrification, or po- 
wer distribution systems which are con- 
sidered in the present report, are there- 
fore : 


1. Direct-current at nominal voltage 
zones of 600, 800, 1 200, 1500, 2 400 and 
3000 volts, and 


2. Single-phase at a frequency of no- 
minally 25 cycles per second and at no- 
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minal voltages of 3 300, 6600 and 11 000 
volts. The data in the appendix indi- 
cate the relative mileage of track elec- 
trified with these various systems of 
power distribution and the characteris- 
tics of power distribution of a number 
of typical examples of electrification in 
the territory covered in the present re- 
port. 


Power supply. 


It would be quite ideal if power for 
railroad traction purposes could be of 
such characteristics that direct connec- 
tion could be made from commercial cir- 
cuits. This is, however, not practicable, 
as outlined above, because commercial 
power is now usually generated and util- 
ized three-phase, alternating-current at 
either fifty or sixty cycles per second 
and these characteristics are not satis- 
factory for use in railroad traction cir- 
cuits. If commercial power is to be used 
for electric traction, the power charac- 
teristics must therefore be changed eith- 
er to direct-current or to alternating- 
current of lower frequency. 

The question immediately arises as to 
whether it is desirable to furnish the 
traction power from commercial power 
systems, or to construct power plants and 
transmission facilities for the especial 
purpose of supply of power for traction 
loads. The answer to this question dep- 
ends upon local conditions. 

Regardless of the system of power 
distribution and of other technical con- 
siderations, it must be borne in mind that 
any railroad load is subject to relatively 
heavy and sudden power demands or 
load swings, caused by starting heavy 
trains. If the commercial system which 
may be available for furnishing power 
is relatively small compared with the 
demands for electric traction, these sud- 
den heavy swings may adversely affect 
the other users who jointly receive pow- 
er from the system. The power-consum- 
ing public, except in certain rural terri- 
tories, now properly demands and ex- 


pects relatively more accurate regulation 
of voltage and frequency than is neces- 
sary for heavy-traction circuits and if 
sudden increases or decreases of load in 
large amounts are not to be felt as fluc- 
tuations of voltage or frequency on the 
associated commercial circuits, relatively 
large capital investments may be neces- 
sary. 

Traction power is necessarily collected 
from bare conductors by means of mov- 
ing contacts on trains traveling often 
at high speeds; furthermore, the distri- 
bution circuits installed along the tracks, 
accessible as they must be to the power- 
collecting devices, are subjet to accident- 
al contact or malicious interference. 
This means that accidental grounds or 


- short-circuits may be relatively frequent 


compared with such troubles on purely 
commercial circuits, and if these ab- 
normal conditions are not to be felt by 
other commercial users, relatively large 
investments for protective apparatus 
again are necessary. 

On the other hand, if the railroad trac- 
tion load is not large compared with the 
commercial system which is available to 
supply it, the swings or abnormal condi- 
tions (provided proper protective devices 
are installed) are not of great moment, 
and the railroad power supply may be 
taken from an available commercial sys- 
tem without undue capital investment. 
There may be, moreover, the advantage 
that as often happens, the demands of 
the traction load do not occur at the 
same time as those for commercial pow- 
er; that is, there is some diversity-factor 
which tends to increase the economy of 
use of the equipment. 

The development of power plant econ- © 
omies during the past few years has 
been contemporaneous with an increase 
in the size of all the fundamental units 
of power plant facilities. For instance, 
turbo-generator units of the order of 
iwenty times as large as the largest units 
of twenty-five years ago are now not 
uncommon. The boiler-room equipment 
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unit has similarly grown in size out of 
all proportion to that in service only a 
relatively few years ago. The increas- 
ingly large sizes of individual units of 
power-plant apparatus possess the limit- 
ation that the total plant capacity must 
be large if the standby capacity is not to 
be relatively excessive in cost. If, for 
instance, a two hundred thousand-kilo- 
watt turbo-generator unit is out of com- 
mission for inspection or repairs, two 
hundred thousand kilowatts of generator 
capacity, which would normally be idle, 
must be called into service. Such large 
standby or reserve capacity is now usual- 
dy taken care of in commercial power 
systems by utilizing obsolescent facilities, 
not economical for normal or base load 
operation, but perfectly satisfactory for 
occasional use, and also by interconnect- 
ing with other neighboring power sys- 
tems, so that each system supplies a 
certain amount of reserve capacity for 
the others. This is perhaps the chief 
benefit accruing from the interconnec- 
tion of power systems, which isolated 
systems do not have. 

In considering the power supply for 
traction purposes and in making a choice 
between purchasing commercial power 
and constructing its own power plant,.a 
railroad management must take into ac- 
count the fact that with a relatively res- 
tricted load like that involved in the 
supply of a single isolated railroad elec- 
trification, large generating units are not 


practicable, and that small power plants: 


are in general fundamentally not as eco- 
nomical as large central stations. 

A large number of considerations of 
‘course enter the analysis of power sup 
ply and space does not permit: full dis- 
cussion. It may be said, however, that 
by-and-large, unless some special local 
conditions govern, the decision as to the 
supply of power is not dependent upon 
the systen of power <distribution cho- 
sen nor conversely. -is the. choice of 


the power..distribution system dependent - 


upon.. whatever power: supply: ‘may be 
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most economically available, since the 
power. generally cannot be used in the 
distribution system in the form in which 
it is generated. 

An exception should perhaps be made 
to the general statement which has just 
been «made, -in. recognition of the case 
of a power plant which might for one 
reason or another be built especially to 
supply the power for railroad traction, 
or a Jarge part of the output of which 
might be used for traction, and which 
might necessarily be isolated so far as 
interconnection with other plants is con- 
cerned. If the system of power distri- 
bution which is chosen, is in the form 
of single-phase, 25-cycle, and it is found 
desirable to construct such a power plant 
especially for the railroad load, a deci- 
sion is necessary between generating the 
power in the form of single-phase at 
low frequency, or in generating it at 
commercial frequency, three-phase and 
converting it either at the plant itself 
or at outlying substations to single-phase 
power at traction frequency, the fre- 
quency-changing equipment used in such 
cases being in a general way somewhat 
analogous to the rectifying equipment ne- 
cessary for direct-current railroad dis- 
tribution systems. 

If single-phase power distribution is 
to be used, it is of course relatively sim- 
plest to generate and distribute the pow- 
er directly at single-phase of the trac- 
tion frequency, stepping up the voltage 
if necessary for transmission. There 
are, however, limitations to this method 
of handling the problem. <A generator 
designed for single-phase load is usually, 
though not always, wound for a three- 
phase output but there are certain modi- 
fications necessary as compared with a 
standard: three-phase machine, such as 
special field windings, additional mechan- 
ical bracing of coils, etc. A three-phase 


. machine designed for single-phase out- 


put is necessarily operated: at consider- 
ably lower rating than a machine of the 
same general ‘size generating balanced 


HAD 
V—34 


‘three-phase power where all the windings 
sare equally and fully utilized. It is some- 
times the case that a generator, whether 
driven by a turbine or a motor, which is 
designed for single-phase Joad is wound 
for a single-phase output only. If this 
design is adopted, there is considerable 
saving in the size and weight of the unit, 
as compared with a three-phase machine. 

It happens in some. of the localities 
covered in this report as mentioned 
above, that the standard three-phase 
commercial system is a twenty-five cycle 
system. In such instances it may be 
physically possible to tap the single- 
phase load from the three-phase circuit, 
but this has the disadvantage that any 
considerable load unbalance of this kind 


among phases means that the modifica: - 


tions in the design of the generators, and 
a material reduction of rating as referred 
to above, must be adopted, and also that 
the voltage of the commercial output will 
be somewhat unbalanced among the 
three-phases, which may affect the capa- 
city of three-phase facilities commercial- 
ly supplied from the plant. It may be 
said in general that not more than about 
10 % of the total three-phase Joad may 
be thus taken as single-phase output 
without difficulties. It is not practica- 
ble as a rule to attempt to equalize the 
railroad load geographically among the 
phases on account of the necessity of 
continuous contact on the distribution 
system. The installation of phase-ba- 
lancer devices to equalize the single- 
phase load among the three phases has 
been used to offset these limitations up 
to the extent of the capacity of such a 
machine. 

In general it has been found desirable 
to segregate the single-phase from the 
three-phase load, even when the fre- 
quency is nominally the same. This is 
accomplished either by the use of fre- 
quency-changers or by separate turbo- 
generators supplied from the power sta- 
tion steam mains and operated by the 
._ power station crew. Frequency-chan- 


gers of various types have been develop- 


*ed; the most common design consists of 


two  synchronous-synchronous units 
mounted on the same shaft. If however, 
the frequencies of either power system 
thus connected are subject to variation, 
a variable-ratio type of frequency-chang- 
er may be used, the load transferred be- 
ing under control of the operator re- 
gardless of relative frequency in the 
two power systems. 


Transmission. 


The problem of power transmission is 
closely associated with that of gener- 
ation, since the characteristics of the 
generated power usually determine the 
characteristics of the transmission. If 
three-phase power is generated at a 
standard commercial frequency of 50 or 
60 cycles per second, the transmission 
line may be of this characteristic at a 
voltage at which transmission is most 
economical, taking into consideration the 
distance and amount of power involved, 
or if single-phase distribution is adopted, 
the transmission may be either three- 
phase or single-phase as seems more de- 
sirable under the load conditions. Three- 
phase high-voltage transmission, utiliz- 
ing three conductors per circuit, is some- 
what more economical of copper than a 
single-phase circuit, consisting of two 
wires, carrying the same amount of pow- 
er. The frequency does not materially 
affect the actual efficiency of transmis- 
sion, though from s6éme viewpoints the 
lower the frequency, the more readily 
solved are some of the transmission pro- 
blems, such as inductive effects, stability 
of long lines, etc. Porcelain insulators. 
at high voltages are an -important item 
of expense, and even though a few more 
units per string may be required for a 
single-phase circuit than for a_ three- 
phase circuit of equal nominal voltage, 
fewer strings obviously are necessary 
and this would indicate an advantage in 
favor of the two-conductor, single-phase, 
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‘circuit as against a _ three-conductor, 
three-phase, circuit. 

As regards the physical or mechanical 
design of transmission lines, it is ob- 
vious that, other things being equal, a 
two-wire circuit is somewhat simpler to 
install and maintain than a three-wire 
circuit. The towers or supports, which 
are necessarily designed for maximum 
ice and wind loading imposed on the con- 
ductors, are less heavily loaded, other 
things always being equal, by a two-wire 
circuit than by a three-wire, even though 
the individual wires of the two-conduc- 
tor lines may be somewhat larger. A re- 
latively small difference in imposed 


stresses, applied as they necessarily are ° 


at a considerable distance above the 
ground, may mean an important differ- 
ence in the weight and cost of the sup- 
porting structures and their foundations. 
Transformers designed for lower fre- 
quencies are necessarily larger and more 
expensive than for the higher frequen- 
cies. There is considerable economy of 
transformer costs as well as costs of 
protective apparatus, especially where 
large blocks of power and high voltages 
* are concerned, in concentrating the main 
transformer capacity at a relatively few 
substation locations as compared with 
spreading it about at a relatively large 
number of points, as discussed below. 
It is impossible to state definitely with- 
out complete analysis of an individual 
installation, that three-phase transmis- 
sion at high voltage and tommercial fre- 
quency is more or less expensive than 
single-phase transmission of an equal 
block of power, at traction. frequency. 
It may be said, however, that when it is 
possible to correlate the railroad trans- 
mission with that of a commercial sys- 
tem, the burdens of capital and operation 
may be shared, thereby perhaps reliev- 
ing the railroad electrification of a con- 
siderable part of the expense of trans- 
mission. Such coordination of transmis- 
sion facilities is not usually practicable 
with single-phase transmission at trac- 


tion frequency, and unless there are 
other controlling factors, the choice of 
three-phase transmission at commercial 
frequency is indicated if coordination 
or joint use of transmission facilities is 
to be obtained. In this connection, how- 
ever, it should be noted that it is usually 
economical to receive power, either by 
purchase or production, from a minimum 
number of different sources if the maxi- 
mum benefits of diversity of load and of 
quantity-purchase, are to be obtained. 
It may therefore be economical to dis- 
regard the possible economies of joint 
power transmission if by so doing there 
may be concentration of supply. 


Substations. 


The question of substations is vital 
in considering the choice of a system of 
power distribution. The power supply 
and high-voltage transmission may both 
be independent of the distribution sys- 
tem, but the design and location of the 
substations obviously depends entirely 
upon the kind of distribution system 
chosen. 

The general location and spacing of the 
substations, all conditions of traffic, 
track arrangement, etc. being equal, ob- 
viously depends fundamentally upon the 
distribution voltage, whether alternating- 
current or direct-current is employed. 
Losses in distributing power are in gen- 
eral inversely proportional to the square 
of the voltage; reducing a given voltage 
by half for instance, would multiply the 
distribution losses by four, and conver- 
sely, doubling the voltage allows four 
times the length of circuit with the same 
amount of copper and assumed loss of 
power. This means that with any given 
loss which may be considered reasonable 
or economic in the distribution of power, 
the higher the chosen distribution vol- 
tage the further apart the substations 
may be placed, and conversely that the 
closer the spacing, other things always 
being equal, the less the line loss. Elec- 
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trolytic and inductive coordination pro- 
blems however, and some other ccnsider- 
ations, it should be noted, are simplified 
by close substation spacing. 

The consideration of spare capacity 
of substation apparatus is an important 
item. One spare unit or machine for 
each substation is conservative policy, 
though the spare capacity may be distri- 
buted to some extent among neighboring 
substations if conditions warrant. It is 
apparent that, other things being equal, 
the smaller the individual units of sub- 
station apparatus the less spare capa- 
city relatively will be required. 

In general, the greater the spacing of 
substations the greater the economy of 
both construction and operation. The 


more closely spaced the substations are, - 


it may be said in general, the lower re- 
latively will be the factor-of-use or load- 
factor of each individual substation, all 
other things being equal, and the greater 
therefore the total aggregate installed 
substation capacity must be, although it 
is true that the aggregate substation ca- 
pacity is not affected by spacing the sub- 
stations further apart than the normal 
train spacing. Other things being equal, 
the larger the individual substations, the 
greater the economy per kilowatt of in- 
stalled capacity, and the less the unit 
expense of maintenance and operation if 
manual, though if the substation equip- 
ment is automatic,.or remotely con- 
trolled, the cost of operation is little af- 
fected by the substation spacing. As dis- 
cussed. elsewhere in the present report, 
substations.may be operated manually or 
by remote control, or they may be au- 
tomatic, placing themselves in or out 
of service as load conditions demand. 
The economies secured by automatic 
equipment may under some circumstan- 
ces justify closer spacing due to a re- 
duction in the amount of copper used for 
feeders, etc. ; 

Tt is thus apparent that the. distribution 
voltage and thus the substation secondary 
or output voltage, which is. chosen, should 


be as high as is consistent with other con- 
siderations, regardless. of whether the 
system of distribution is to be direct- 
current or alternating-current. The 
choice of voltage is of course dependent 
upon a number of considerations, such 
as kind of traffic, density of traffic, 
number of tracks, length or route, etc. 
When the voltage has been decided upon, 
the substation locations may be chosen 
and their general design developed. 

It is usually convenient to place the 
substations near junction points and 
« interlocking » stations where there are 
crossoyers between tracks, because at 
such locations the contact conductors 
(whether a.c. or d.c.) may be advanta- 
geously sectionallized and thus isolated 
by means of circuit breakers or switches, 
under the control of the substation oper- 
ator, in the event of grounds or short cir- 
cuits or for purposes of maintenance. 
Such an arrangement allows trains to 
cross over at either end of a section and 
thus pass around a section of the line 
which may be temporarily out of ser- 
vice. 

In designing the substations, the funda- 
mental. consideration is the choice be- 
tween alternating-current and _ direct- 
current output to the distribution sys- 
tem. Although many considerations, as 
implied above, govern this decision, one 
of the most important of these lies in 
the. characteristics, and hence the cost 
of the substations. 


Alternating-current substations. — 
The substations are simplest if single- 
phase distribution with single-phase 
transmission is adopted, because with 
such an arrangement the substation will 
consist merely of static transformers and 
necessary switching or circuit-breaker 
facilities. As with substations of other 
types, the switching operation may read- 
ily be accomplished by.means of remote 
centro]. from a central point, so attend- 
ance is not required. Since all the im- 
portant facilities. are static, the mainte- 
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nance is relatively simple; practically all 
apparatus is out-ot-doors, so very little 
shelter is required. 

-As stated above, in the cases where 
alternating-current is employed in the 
territory covered in the present report, 
the distribution voltage has been stand- 
ardized at nominally about 11000 volts. 
The use of this relatively high voltage 
“usually permits the economical location 
of the substations at any point which 
may be convenient from an operating 
viewpoint. “The spacing is dependent 
upon such local considerations as density 
of traffic, plan of the zone electrified, 
inductive coordination, ‘etc. F 

If the power supply is at commercial 
frequency of 50 cycles or 60 cycles, and 
the distribution is at a lower frequency, 
at least one of the railroad substations 
must contain frequency-changer appara- 
tus, This at present is necessarily rotat- 
ing apparatus and thus requires an in- 
stallation somewhat more elaborate than . 
that for transformers only. 

If frequency-changing is BSONEA 
at a substation, it may be generally eco- 
nomical to adopt an output voltage such 
that the supporting structures for the 
railroad circuits may also carry trans- 
mission circuits of proper characteristics 
for the supply of power over a relatively 
large territory. In these instances there 
may be necessary but one or perhaps 
two frequency-changer substations for 
the entire electrified zone, depending 
upon its extent and upon traffic requir- 
ements, the remaining substations consist- 
ing merely of static transformer and 
circuit-breaker facilities as outlined 
above. Frequency-changers of the gen- 
eral type under discussion may be read- 
ily built in any capacity desired. 

In designing a substation for frequen- 
ey-changer facilities, practically all the 
apparatus may be arranged for outdoor 
service, including transformers, circuit 
breakers, bus structures, and the fre- 
quency-changer sets themselves. What- 
ever instruments and other auxiliary fa- 


cilities it may be necessary to protect 
from the weather, may be installed in a 
small, inexpensive building or within the 
foundations of the main machines them- 
selves. If necessary, an overhead out- 
door crane may be furnished for hand- 
jing heavy parts during installation and 
for maintenance, but even this is not 
necessary where railroad facilities are 
available, for with proper substation ar- 
rangement, the railroad wrecking crane 
facilities may be economically utilized 
to serve this purpose. 


Direct-current substations. — If di- 
rect-current is chosen for power distri- 
bution, the substations usually perform 
the function of changing the power char- 
acteristics from three-phase alternating 
current to direct current of the distribu- 
tion voltage chosen. This-as stated 
above, may be nominally 600, 800, 1 200, 
1500, 2.400 or 3000 volts in the territory 
covered in the present report. The con- 
siderations as already stated, apply in 
general to the voltage of distribution 
whether it is alternating or direct cur- 
rent, As pointed out above, it is advan- 
tageous, other things being equal, to 
choose a voltage as high as possible, of 
course recognizing other limitations, and 
to space the substations as far apart as 
possible consistent with keeping down 
the losses in the power distribution to 
an economical figure. The spacing is 
dependent upon such local considerations 
as density of traffic, plan of zone electri- 
fied, electrolytic coordination, etc. 

Direct-current distribution at nomin- 
aly five or six hundred volts was adopt- 
ed in the earliest railway electrification 
projects, and has been highly developed 
for rapid transit lines and for steam rail- 
way electrifications, which have some of 
the characteristics of rapid transit lines, 
i. e. relatively short route mileage and 
very dense passenger traffic. In such 
installations, even though the substations 
are necessarily spaced relatively close 
together and a great deal of copper is 
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required for distribution, the load char- 
acteristics may result in a factor-of-use 
or load-factor of the individual substa- 
tions which is not unduly low. If, how- 
ever, the electrified territory is exten- 
sive, and if demands for power are main- 
ly concentrated in perhaps a relatively 
few individually heavy trains, either 
passenger or freight, the economies of 
the low voltage may quickly disappear, 
and higher distribution voltages are in- 
dicated. The multiplicity .of voltages 
which have been adopted in the territory 
covered in the present report, is an in- 
dication of the careful choice of the spe- 
cific voltage which is best adapted in in- 
dividual problems for each contemplated 
service, 

The synchronous rotary-converter was 
early developed to effect conversion of 
power from alternating to direct cur- 
rent. This was originally designed lar- 
gely for twenty-five cycle, three-phase 
input, because some added stability was 
possible at that time with low frequency, 
but as commercial power has gradually 
been standardized at higher frequencies, 
the design of the rotary converter has 
been improved and at present, synchron- 
ous-converters may be designed satisfac- 
torily for operation at any commercial 
frequency. 

The practicable output ysl limits of 
a synchronous-converter may be said to 
be approximately 1.500 volts.: If the vol- 
tage for the power distribution is chosen 
at higher than 1500 volts, the operation 
of single-armature synchronous conver- 
ters is not very satisfactory and two 
machines may be operated in series. If 
rotary conversion apparatus is to be used 
at these higher yoltages, motor-gener- 
ator facilities are usually indicated. 
Where motor-generators ‘are utilized for 
high-voltage direct current, a three-phase 
synchronous motor is often mounted upon 
a single shaft between two direct-current 
generators which are connected in series, 
so that the voltage generated by. each is 
one-half the voltage of the distribution 


- tage 


. supply to direct current. 


line to ground. Such an arrangement is 
very satisfactory and presents the advan- 
of reducing commutator ripples, 
and maintains high -power-factor in the 
transmission circuits. The arrangement 
also tends to reduce possible troubles due 
to surges or short-circuits on the distri- 
bution system. This type of machines 
has been widely and successfully used for 
direct-current voltages up to 3000 volts 
in the territory covered in the present 
report. 

Many recent electrifications which util- 
ize direct-current distribution have suc- 
cessfully adopted static rectifiers of the 
mercury-are type, rather than rotary 
machinery for conversion of the power 
They occupy 
considerably less room than rotary ap- 
paratus of the same capacity, and this is, 
of course, economical when building ex- 
penses are considered and where cost of. 
land is high. It may indeed be predicted 


that before long, mercury-are rectifiers 


will operate as outdoor apparatus just as 
transformers are now operated, a small 
shelter being provided to protect the 
vacuum pumps, metering instruments, re- 
lays, and other auxiliary apparatus. Rec- 
tifiers of this type also lend themselves 
very favorably to installation as portable 
substations, where flexibility of location 
is desired. 

Rectifiers ace been a ts Sai. in- 
stalled for all distribution voltages up to 
3 000 volts in the territory covered in the 
present report, and in capacities up to 
3-000 kw. per unit. It is probable that 
larger sizes will be utilized in the not 
distant future. This type of apparatus is 
operable from three-phase primary sup- 
ply circuits of any voltage and frequen- 
cy, the associated transformers of appro- 
priate design furnishing power of proper 
characteristics for the rectifiers them- 
selves. Since the rectifier is primarily 
merely a « check valve » which allows 
the supply current to flow in one direc- 
tion but not in the other, the internal 
losses are in the form of a definite drop 
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in voltage which is independent of the 
voltage of the output. This means that 
at higher operating voltages, the losses 
are proportionately less than at lower 
voltages, that is, the efficiency of the 
apparatus increases with the operating 
voltage. Furthermore, the efficiency is 
nearly the same over a wide range of 
loads. There is not a great deal to 
choose between the efficiency of a stat- 
ic rectifier and that of a rotary conver- 
ter at the 600-volt range, though at low 
loads the rectifier efficiency is some- 
what more favorable than that of the 
converters, and this results in a more 
favorable all-day efficiency. At higher 
voltages the rectifier has very consider- 
able advantages as regards. efficiency. 
‘The same is true of installation costs, for 
at higher voltages the rectifier is con- 
siderably less expensive per unit of ca- 
‘pacity than rotating apparatus of similar 
capacity, or indeed than rectifiers of si- 
milar capacity at lower voltages. It 
may perhaps be said that rotating direct- 
current conversion apparatus is now vir- 
tually obsolete except in instances where 
it may be desired to regenerate and feed 
power back from the locomotives (on 
descending grades or in decelerating the 
train) into the distribution system and 
through the substations into the trans- 
mission system. 


‘Summary. -— Either alternating-current 
or direct-current systems of distribution 
may be supplied from mainly outdoor 
substations if desired. Commercial pow- 
er supply for high-voltage alternating- 
current distribution may be concentrat- 
ed at one substation or at two or more 
widely spaced substations if desired, util- 
izing rotating frequency-changers of .the 
capacity required, delivering power at 
any chosen voltage and stepping up the 
voltage for transmission along the rail- 
road right-of-way for step-down at trans- 
former substations along the route, if 
desired. If direct-current distribution of 
power is adopted, the substations, other 


ihings always being equal, are usually 
spaced more closely together than with 
alternating-current distribution on ac- 
count of the relatively lower voltage 
utilized up to the present time for direct- 
current distribution. This characteris- 
tic may be of importance under certain 
local conditions, and may be of no im- 
portance whatever under other circum- 
stances. 

The power transmission circuits may 
be installed along the right-of-way of the 
railroad (or across country if the rail- 
road route is tortuous), feeding the sub- 
stations in turn, or the power may be 
supplied to the railroad substations from 
neighboring commercial transmission net- 
works, and changed at the substations to 
the characteristics desired for distribu- 
tion. It may be said that any substation 
whether alternating-current or direct- 
current may be operated manually or 
may be automatically or remotely con- 
trolled, as desired. 


Distribution system. 


As stated above, it is the distribution 
system only which determines the desi- 
gnation of the « system » of electrifica- 
tion in any given case. The power dis- 
tribution circuits function to convey the 
power from the. substations to the mov- 
ing trains which collect the power by 
means of contact devices. The distribu- 
tion system thus includes the contact 
system, which may be in the form of a 
third rail or an overhead contact wire. 
The distribution systems now in opera- 
tion in the territory covered in the pre- 
sent report, as explained above, are of 
alternating current at 3300, 6600 or 
11000 volts, or direct current at 600, 
800, 1200, 1500, 2400 and 3000 volts. 
Whether the system is alternating cur- 
rent at either of the voltages mentioned 
or direct current at voltages above per- 
haps 1500 volts, it must usually be car- 
ried in conductors over the tracks, for 
there is a hazard if higher voltages in 
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bare conductors are installed near the 
ground, even though the conductors may 
be protected by trunking or other 
means. This indicates that for practi- 
cally all modern railroad electrification, 
except that where the characteristics are 
those of urban rapid-transit facilities, 
the power distribution is by means of an 
overhead contact wire. When high 
speeds are involved, the overhead con- 
tact wire is usually supported at fre- 
quent interval from a messenger strand 
or cable so that it will not sag greatly 
between supporting hangers. This type 
of support is usually known as a « cate- 
nary » system which is a term very 
widely used in railroad electrification. 
The catenary system derives its name 
from the messenger strand which sup- 
ports the contact wire and which hangs 
in a curve approximating more or less 
closely a catenary curve. The mechan- 
ical requirements, whether alternating- 
current or direct-current distribution is 
employed, are that the contact wire will 
lie smoothly over the track without 
sudden rises or drops relative to the 
running rails, so that the collecting 
device on the moving train, usually a 
pantograph shoe held up against the 
wire by springs or by compressed air, 
will follow the wire at all times, and 
will not bounce off and thus draw an 
arc, 

The measure of electric power as 
commercially used, is roughly the pro- 
duct of volts times amperes (disregard- 
ing a number of technical qualifica- 
tions), and it is thus apparent that the 
lower the voltage for a given amount of 
power, the greater must be the amount 
of current collected at the pantographs. 
With lower voltages, more copper or 
copper equivalent is necessary in the 
contact or catenary system for a given 
amount of power, regardless of whether 
alternating-current or direct-current dis- 
tribution is employed. The more copper 
required, the heavier the supports neces- 
sary to hold it in its proper location 


“which 


with necessary factors of safety; further- 
more, the greater the amount of current 
which must be collected by the moving 
contact on the train, the more contact 
area is necessary, other things of course 
always being equal. This contact area 
may be increased either through the 
design of the contact system or of the 
pantograph or collecting shoe, or both, 
but it is desirable, especially when high 
speeds are involved, to keep the weight 
of the pantograph shoes at a minimum 
to reduce as much as possible the inertia 
in a vertical plane. 

The distribution system usually in- 
cludes auxiliary feeders of one kind or 
another, carried upon the structures 
support the catenary system. 
These auxiliary feeders may be positive 
feeders in parallel with the contact sys- 
tem, or they may be negative feeders 
designed to supplement the track rail in 
carrying the return current back to the 
substation, or both. If alternating cur- 
rent is used, the auxiliary feeders may 
be high-voltage circuits which carry the 
single-phase transmission to the outlying 
substations along the route, or they may 
be balancing conductors installed to 
reduce inductive effects on neighboring 
communication circuits. Whatever the 
designed function of the auxiliary fee- 
ders is, they are usually conveniently 
carried on the structures which also sup- 
port the catenary or contact system, As 
with the contact members and transmis- 
sion facilities, the capacity of the auxi- 
liary conductors is dependent on the 
voltage. The higher the voltage, the 
smaller and lighter they may be for a 
given amount of loss of power trans- 
mitted. 

The problem of insulation is an im- 
portant one; indeed there is perhaps no 
single item in the distribution system 
which is more important. The failure of 
one insulator unit out of perhaps many 
thousands, may tie up an important sec- 
tion of the railroad, and cause serious 
delay. The insulation requirements, of 
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course vary with the voltage; an 11 000- 
volt circuit, for instance, requires more 
insulation than a 1 200-volt circuit. The 
insulator problem is aggravated some- 
what by the fact that in most electrified 
territory there is also some steam loco- 
motive operation, and smoke and cin- 
ders‘from steam locomotives are thus often 
discharged at high velocity immediately 
under the insulators, covering them with 
moisture, soot, and acids. The fact that 
the distribution circuits operate with 
rail of ground return also affects the 
duty under which the insulators oper- 
ate. Much more elaborate insulation is 
therefore necessary along railroads than 
with commercial power transmission 
lines of the same nominal voltages. The 
cost of insulation is a charge against 
higher distribution voltages which must 
be offset by advantages if the higher 
voltages are to be justified. 


‘The problem of electrolysis in_direct- 
current distribution, and of electro-static 
and magnetic induction in alternating- 
current distribution are of importance 
and should be carefully analyzed in 
planning an electrification and making 
a choice as to the characteristics of dis- 
tribution power to be adopted. Since 
practically all systems utilize the running 
rails as return to the substations, and 
since the insulation of the running rails 
from the ground is necessarily very 
slight, there is considerable tendency for 
leakage of this return current from the 
rails into the ground. If this stray cur- 
rent is direct current and if there are 
parallelling water pipes, gas pipes, elec- 
tric power or communication cables or 
steel structures in the neighborhood, 
careful and constant effort is necessary 
to insure that these foreign facilities are 
not adversely affected by the stray cur- 
rent. On the other hand, if alternating- 
current distribution is used, there may 
be inductive interference with neigh- 
boring parallel communication circuits 
belonging either to another company or 


to the railroad itself. Joint studies and 
coordinated measures are necessary to 
prevent undue troubles from this source. 
There may be inductive disturbances 
from direct-current circuits and there 
may be electrolytic difficulties from 
stray alternating-current circuits, but in 
general these problems are both of little 
importance. 

Reference has been briefly made to 
three-phase heavy-traction power distri- 
bution. There is at the present time no 
instance of this type of distribution in 
the territory covered by this report, the 
one installation which was originally 
made (in the United States) having been 
subsequently modified to single-phase. 
In the three-phase system of distribution 
two contact wires over each track are ne- 
cessary, each insulated for full voltage 
from the other and from the rails, the 
rails being the third conductor of the 
three-phase circuit. The collector on the 
locomotive is divided electrically into 
two parts, each insulated from the other. 
This arrangement is obviously relatively 
complicated both to install and maintain. 
For instance, at turnouts, crossovers, etc., 
the two conductors of different phases 
must cross each other mechanically, re- 
taining smooth contact for the panto- 
graph shoes, and being completely insu- 
lated from each other electrically. It is 
largely for such reasons as this that this 
system has not been more widely used in 
the territory covered in the present re- 
port. 


Summary. — The lower the distribu- 
tion voltage the heavier and more ex- 
pensive usually will be the distribution 
system (including auxiliary feeders) and 
supporting structures, other things being 
equal, though insulation is more expen- 
sive at higher voltages. Electrolysis and 
inductive coordination are problems 
which must be considered in direct- 
current and alternating-current electrifi- 
cation respectively. 
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‘Motive power. 


The electric locomotive and motor-car 
designs are among the fundamental con- 
siderations in the choice of a system of 
power distribution. The traction motor 
and its control present special problems 
in design which are met in no other ser- 
vice. The characteristics of various 
types of traction motors have been refer- 
red to in another portion of the present 
report. Briefly stated, the following types 
of traction motors are principally used : 


1. Series-commutator motor for direct- 
current; 


2. Series-commutator motor (with mo- 
difications) for single-phase alternating- 
current, and 


3. Induction three-phase motor. 


If direct-current distribution is chosen, 
the first type of motor mentioned is uni- 
versally used, while all three types may 
take power from single-phase alternat- 
ing-current contact wire, provided ap- 
propriate apparatus is interposed. Loco- 
motives are now operating successfully 
from single-phase distribution systems 
in the territory covered in the present 
report, with each of the three types of 
motor mentioned, 


The series-commutator direct-current 


motor is the oldest type in traction ser- 
vice and in some respects the most 


satisfactory in its characteristics. It has- 


relatively high starting torque or pull, 
which is of course readily translated 
into high starting tractive effort, and it 
is rugged in its construction. The torque 
falls off relatively rapidly as the speed 
of the motor increases, and at the higher 
speeds the horse-power output is thus 
relatively low. The disadvantage of this 
type of motor, unless it is supplied from 
a motor-generator on the locomotive 
equipped with field control, lies in the 
necessity for external resistance in start- 
ing. The voltage of the direct-current 
distribution system is practically immut- 


able once it has been selected. The 
voltage across the terminals of motors 
which are supplied from the distribution 
circuit is thus also immutable, and must 
be so controlled that it will not at any 
time be unduly high. When such motors 
are first connected to the supply circuit, 
at starting, outside resistance in the cir- 
cuit is necessary to prevent damage. The 
use of this resistance, especially where 
stops and starts are frequent as in local 
suburban service, is wasteful. When the 
motor has been brought up to speed, the 
starting resistance is no longer necessa- 
ry, and where long runs and infrequent 
stops are involved, the starting losses are 
not relatively very important, The 


-amount of resistance necessary in the 


control of motors of this type is reduced 
to a minimum by connecting the traction 
motors, or groups of them first in series 
at starting, and as the speed increases. 
changing the connection to series-pa- 
rallel or full-parallel. Flexibility is fur- 
ther increased in some instances: by 
weakening the motor fields in the last 
position of the controller to obtain in- 
creased speed. 5 

The design of the single-phase series- 
commutator alternating-current motor is 
more favorable, the lower the frequency. 
The twenty-five cycle motor of this type 
is very like the direct-current series mo- 
tor in its operating characteristics but 
is somewhat more expensive to construct 
as-it has some complications which the 
direct-current motor does -not have, 
though especially in recent designs, 
there is little essential difference in cha- 
racteristics. It is usually necessary to 
ventilate this type of motor from-an out- 
side source, whereas the direct-current 
motor is often self ventilated. The chief 
advantage of this type of motor is in the 
flexibility of control of the supply volt- 
age, and the ability, by means of trans- 
former taps, to maintain horse-power 
output over a wide speed range with 
varying distribution system voltage. It 


is also adapted for operation from direct- 
current supply circuits of proper cha- 
racteristics or single-phase supply alter- 
natively. 

All locomotives and multiple-unit cars 
which use alternating-current single- 
phase motors are necessarily operated 
through transformers which change the 
high trolley voltage to low potentials for 
use in the traction motors. The starting 
of the alternating-current series-motor is 
accomplished by using transformer taps, 
beginning at low voltage and stepping 
up the voltage ratio as the motor gathers 
speed. In this way power is not wasted 
in heating grid resistance as is the case 
in starting direct-current motors from 
the supply circuit. The transformer taps 
may be conyeniently chosen for both 
starting and running with maximum 
consideration for the most effective mo- 
tor characteristics. 

When direct-current traction motors 
are operated from a single-phase distri- 
bution system, there is interposed a mo- 
tor-generator set mounted in the cab of 
the locomotive, taking single-phase and 
delivering direct-current power. In 
these cases the generator output voltage, 
and therefore the traction motor supply 
voltage, may be varied by means of ad- 
justing the field of the generator. The 
motor control is thus accomplished with- 


out the use of outside resistance in the. 


main circuit as is the case when the 
supply voltage is inflexible. 
possible a very flexible and satisfactory 
method of-control, but of course involves 
the added expense of the motor-genera- 
tor set. 

The chief characteristic of the three- 
phase induction motor is that it operates 
at constant speed, regardless of load, as 
set forth in another part of the present 
report. This has the advantage that if 
the train is moving at all, it is moving 
at constant, uniform speed and the train 
dispatcher thus knows accurately when 
it will reach a given point, This type of 
motor is essentially very rugged and will 


This makes. 


stand much abuse. On the other hand, 
its demands for power are relatively not 
as flexible as with the series motor on 
grades, although it is true that by chang- 
ing the connections, various definite 
speed ratios may be obtained which 
provide some flexibility in this regard. 
The starting of this type of motor is 
accomplished by means of resistance and 
is not efficient, but as this type of motor 
is usually used for heavy duty, long-dist- 
ance service with infrequent stops, the 
starting losses are relatively unimpor- 
tant. | 

Power may be supplied for the three- 
phase induction motors of the type just 
described, from a single-phase distribu- 
tion circuit, by means of a phase-con- 
verter which consists of a rotating ma- 
chine mounted in the cab of the loco- 
motive, supplied with single-phase 
power. This type of apparatus is some- 
what similar in design to the phase- 
balancer already mentioned, which per- 
mits.single-phase power to be taken from 
a three-phase power system without und- 
uly unbalancing the load among the 
phases. This type of apparatus may be 
of an induction type or a synchronous 


-type as desired. 


Regeneration of power may he readily 
accomplished with either the. direct- 
current or single-phase series-commuta- 
tor motors by properly manipulating the 
internal and external connections, and 
also with the three-phase induction type 
motor. There are numerous cases of 
direct-current regeneration by series- 
commutator motors but no instances of 
regeneration with the single-phase series 
motors in the territory covered in this 
reports, though this may be as readily 
accomplished, and is extensively em- 
ployed elsewhere. Electric braking 
without regeneration may be accomplish- 
ed with all three types of motor if desir- 
ed. 

A novel motor arrangement has re- 
cently been developed wherein power is 
supplied to the traction motors through 
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a mercury-are rectifier equipped with 
grids which may be excited by means of 
a small distributor mechanically con- 
nected to the shaft of the motor. The 
excitation controls the direct-current 
output of the rectifier in such a manner 
that it acts as a commutator, and the 
main motors thus do not require com- 
mutators. The armature is the stator 
and the field the rotor, fed by slip rings. 
A very rugged design is possible, and 
since the control may be accomplished 
entirely by means of the grid excita- 
tion such appurtenances as_ switch 
groups and external current-limiting re- 
sistance are not required, nor obviously 
are transformer taps. The power supply 
being rectified, may be of any frequen- 
cy. Although commercial experience 
with this arrangement of apparatus has 
thus far been limited, nevertheless it 
gives promise of valuable development. 

The multiple-unit car problem is some- 
what more restricted than that of the 
electric locomotive. It is impracticable 
to equip each motor-car with a motor- 
generator set to take power from the 
distribution supply circuit for supply 
of power for traction motors. The use 
of phase-converters and three-phase in- 
duction motors is also out of the question 
for motor cars. Cars are thus equipped 
with series motors, either alternating- 
current with transformers, or direct- 
current with series-parallel controllers 
and resistors, depending upon the type 
of distribution system chosen. 

If direct-current is employed at trolley 
voltages above 1 200 volts, it has some- 
times been found expedient to install 
four motors on each motor car and to 
couple permanently together a trailer 
and motor car so that each unit of mo- 
tive-power consists of two cars. The 
four motors are thus started in series 
as indicated above, and after a reason- 
able speed is reached, reconnected in 
series-parallel so that at normal speed 
with starting resistance cut out, one half 
the line voltage may be impressed across 


each motor. Thus if 3000 volts is used 
the terminal motor voltage is 1500 volts, 
two motors being permanently connect- 
ed in series. 

Single-unit all-motor-car operation 
with no trailers possesses the advantage 
of considerable operating flexibility as 
compared with two-car units because the 
increment in making up a train obvious- 
ly is thus one car instead of two. There 
is also the advantage that if a motor or 
other piece of apparatus fails on a car, 
that car may be automatically de-ener- 
gized, and the train hauled by the other 
motor-cars without loss of time or risk 
of damage due to overloading the re- 
maining equipment. Under some cir- 


‘cumstances also the saving in costs made 


possible by concentration of power in 
motor cars and the use of trailers may 
offset the advantage of flexibility of all- 
motor-car operation. This may be es- 
pecially true in the case of train-control 
or cab-signal facilities which if applied 
to each car may involve very heavy 
expense. 


Summary. — The _ direct-current 
series-commutator type of motor is, all 
things considered, the most satisfactory 
type of motor in itself, but especially if 
it is supplied from high voltage direct- 
current distribution circuits the control, 
in starting by means of external resist- 
ance, is a limitation. The direct-current 
type of traction motor may be operated 
from a direct-current distribution cir- 
cuit or from a single-phase distribution 
circuit by means of a motor-generator 
set installed on the locomotive; this latter 
scheme allows a very favorable control 
arrangement but has the disadvantage 
of additional facilities on the locomotive, 
and this scheme is of course not prac- 
ticable for motor cars. The single-phase 
motor may be readily adapted for oper- 
ation from direct-current supply circuits 
of proper characteristics. 

Various types of motors to suit various 
operating conditions may be supplied 
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from single-phase circuits. Regeneration 
or electric braking may be accomplished 
with any of the types of motors discus- 
sed. 


Conclusion. 


An attempt has been made to outline 
very briefly and qualitatively the advant- 
ages and limitation of various systems 
of power distribution which have been 
developed for railroad electrification. 
It is impossible to make any general 
‘quantitative statement which would not 
be misleading, as to relative costs -of 


installation or economies of operation: 


among various individual systems, since 
local conditions vary so greatly. Each 
of the several systems represented is 
operating successfully. 

It is of vital concern that there should 
be standardization of system of power 
distribution and of design of locomotives 

cand other integral parts of the electri- 
fication requirements. To one familiar 
with the economies which have been made 
possible by quantity-production, espe- 
cially in such industries as automobile 
manufacturing, it is obvious that the unit 
‘costs of installation of all factors of 
electrification will be modified very 
greatly if quantity-production can be 
brought about by general standardiza- 
tion of design and manufacture. 

It may be said that in general the 
choice of the most effective voltage is 
dependent upon the kind of traffic, 
weight of trains, and extent of the 
territory to be electrified. With servy- 
ice consisting of relatively frequent 
‘trains over a short route — service 
analogous to urban rapid-transit oper- 
ation — low voltage is undoubtedly 
satisfactory, though it is universally 
agreed that such voltage is inadequate 
for general railroad operation. As the 
weight of individual train units (either 
passenger or freight) increases, and as 
the electrified territory is extended, it 
is logical to adopt higher voltage. For 


heavy trains operating over long dist- 
ances, the maximum practicable voltage 
is undoubtedly the most economical and 
advantageous. The data set forth in the 
table in the appendix indicate the ten- 
dency in this direction. 

Among the half-dozen voltages used in 
direct-current distribution, the potential 
chosen in each instance was undoubtedly 
picked as being the most efficient for the 
particular service required. Direct-cur- 
rent voltages above 3000 volts are not 
in commercial use in‘ the territory cover- 
ed in-this report, higher voltages than 
this being alternating-current. It has 
been found that a nominal potential of 
11000 volts, twenty-five cycle, single- 
phase is sufficiently flexible in itself to 
handle, without modification, all kinds 
of railroad service, from single-car pas- 
senger trains operating in interurban 
service to twelve-thousand-ton freight 
trains and a concentrated demand in a 
single train of as high as twenty-thou- 
sand horse-power. It is peculiarly adapt- 
ed to general service in extended terri- 
tory where heavy trains are operated. 

In any integral territory where rail- 
road operation is so coordinated that 
there is interchange of motive-power 
among railroads, or where there is joint 
terminal or track operation among yva- 
rious operating units or companies, it is 
essential, if satisfactory operation is to 
be maintained, that a unified system of 
power distribution for electrification be 
chosen. Standardization in this respect 
is nearly, if not quite as important as 
standardization of such items as air 
brakes and draft gear, to say nothing 
of track gauge itself. It is true we 
cannot visualize the future, and that we 
cannot now know what developments 
during the next few years may bring 
forth. It may be found desirable, as 
demands for railroad seryice grow, to 
operate power distribution systems at 
far above 11 000 volts. We shall undoubt- 
edly see direct-current power transmis- 
sion at voltages higher than those at 
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which we now transmit alternating-cur- 
rent power, and the commercial introduc- 
tion of facilities which will reconvert this 
high-voltage direct current to alternating 
current at any desired frequency or set 
of frequencies for use locally. It would 
not be logical however to postpone 
standardization until ultimate develop- 
ment is attained. If such philosophy 
were to control, there would be a sad 
lack of progress indeed. The present 
opportunity is thus seized to urge strong- 
ly the immediate standardization of trac- 
tion power systems, not in a single sys- 
tem of distribution throughout the world, 
but within each territory where unified 
railroad electric operation or inter- 
change of motive-power now exists or 


is likely- to be desirable in the future. ~ 


Such standardization has already taken 
place in some territories, and if it can 
be further accomplished, there will un- 
doubtedly result a not inconsiderable 
stimulus in the development of the art 
of railroad electrification and of the 
extension of territory electrified. 


IV. — SAFETY PRECAUTIONS. 


It has been assumed that this discussion 
is limited to the safety to persons only, 
and not to property, though it is often 
difficult to differentiate between these 
two problems, which are closely related. 
The discussion is also limited to precau- 
tions applying to electric traction purely, 
that is, the use of electricity specifically 
in railroad electrification service. Nei- 
ther the problems encountered in the use 
of electricity for general purposes, nor 
the precautions in connection with rail- 
road operation other than as affected by 
the application of electricity, will there- 
fore be discussed. 

Electric operation of railroads may be 
divided into three general departments : 


1. Power generation; 

2. Power transmission and distribu- 
tion; 

3. Motive power. 


Many safety precautions are of course 
common to all these departments or 
branches of operation, but other provi- 
sions are by nature applicable to one 
only. Miscellaneous problems, such as 
communication circuits in electrified ter- 
ritory, are also given consideration. 


Power generation. — Many railroad 
electrification installations utilize pur- 
chased power entirely, and such rail- 
roads do not operate power plants of 
their own. In these cases obviously 
there are no precautions in which the 
railroad is interested, which inyolve 
power plant operation. Even in instan- 
ces where the railroad owns and operates. 
its power generating facilities, the pre- 
cautions which should be taken are 
usually identical with the safety prac- 
tices generally necessary in power plants. 
which are operated commercially, and 
are thus outside the scope of the present. 
discussion. 


Perhaps the chief operating difference - 
between a commercial power plant and 
a power plant designed primarily to 
carry railroad load is in the circuit pro- 
tective apparatus. The necessity for col- 
lecting power at high speed by means of 
moving contacts, and the fact that the 
distribution conductors are necessarily 
relatively close to the ground or are 
otherwise in yulnerable locations under 
highway bridges, etc., both result in the 
occurrence of short-circuits or grounds. 
relatively frequently,,as compared with 
such abnormal conditions generally ex- 
perienced in commercial supply circuits. 
In addition, the fact that the track rail 
or ground is utilized for the distribution: 
circuit return, results in causing abnor-- 
mal conditions to be quite severe, and 
this means that the protective circuit- 
breakers may be required not only to- 
operate relatively frequently, but to. 
break relatively heavy short-circuit cur- 
rents, as compared with similar appar- 
ratus in commercial stations of equal ~ 
capacity. It is thus sometimes desirable 
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to operate the circuit-breakers at a 
higher degree of maintenance than is 
normally the practice in commercial 
plants, subjecting them to more frequent 
and careful inspection. 


Power transmission. — In the field 
of power transmission the same consi- 
derations apply generally as in power 
generating plants. The customs and 
practices which have been adopted by 
commercial companies in handling 
high-voltage circuits are equally logical 
and necessary in handling railroad 
transmission circuits. In many instances 
it is true that the high voltage transmis- 
sion is actually owned and operated by 
the company supplying the power, and 
the railroad thus has no responsibility 
for them. 


The transmission circuits may be 
open-wire or may be in cable, either 
underground or hung aerially from a 
messenger. It is a rule in all instances, 
so far as information regarding railroad 
circuits in cables is available, to de-ener- 
gize and to « earth » or « ground » all 


conductors while work is being per- 


formed upon them. In instances where 
high-voltage open-wires are involved, no 
work is usually permitted in the imme- 
diate vicinity of normally energized 
wires, unless they are de-energized and 
earthed or grounded. Some railroads 
which operate high-voltage circuits un- 
derground in cables de-energize the cir- 
cuit while men are working near the 
cable. This precaution is not universally 
considered necessary, however. 


In some instances when the trans- 
Mission circuit is absolutely isolated 
electrically from the ground, and the 
neutral is not grounded or earthed, it 
may under some circumstances be per- 
missible to work upon one conductor of 
either a single-phase or three-phase open- 
wire circuit by earthing or grounding 
that conductor, of course carefully keep- 
ing clear of the other conductors of the 
circuit. This method of operation of 


course would not apply if the neutral 
of the circuit is grounded or earthed 
even through a high resistance. 

Some organizations permit work upon 
high voltage circuits while they are 
alive, utilizing special tools on the end 
of long treated wood sticks. Treated 
wood platforms are sometimes used in 
the same way, the operators standing on 
the platform, electrically isolated from 
all material other than the conductor 
upon which they are to work. Such 
operation requires very highly trained 
men and is usually of value only if it is 
absolutely necessary to maintain service 
continuously over a given circuit. In 
railroad power supply it is usually prac- 
ticable to utilize an alternative method 
of feed, and to de-energize and earth or 
ground all circuits upon which work is 
to be performed. — 

The routine of accomplishing the 
de-energizing of transmission circuits in 
order to work upon them is usually simi- 
lar to that in connection with distri- 
bution circuits, and is described below. 
It is essential that no work be allowed 
under these circumstances until the con- 
ductors have been earthed or grounded, 
not only to guard against error, or acci- 
dental energizing of the conductors, but 
also against induced voltage. Neon 
tubes, or other glow devices are some- 
times used to indicate whether a circuit 
is still alive or not. 


The process of « earthing » or 
« grounding » railroad supply circuits 
before working upon them is usually re- 
latively simple compared with that used 
for ordinary commercial circuits, be- 
cause there is usually opportunity for a 
definite or positive metallic connection 
to the track rails, on to a steel structure 
or conductor which is positively con- 
nected to the track rails. The ground- 
ing device generally consists of a length 
of insulated conductor, attached to a 
metal hook at the end of a wood stick, 
and having a clamping device at its 
other end. It is necessary for the ope- 


426 
V=48- 


rator first to fasten the clamp device to 
a properly grounded structure and then 
hook the ground conductor over ihe 
conductor on which he is to work, uti- 
lizing the stick provided for the purpose 
in order to keep his body .below and 
clear of any arc which may occur if he 
should through error ground the con- 
ductor when it is alive. 


In the design and construction of 
power transmission as well as distribu- 
tion systems, it is necessary to take 
into account the most severe condition 
of wind and ice loading which may be 
encountered, and to so design the instal- 
lation that there will be no mechanical 
failures under any reasonable mechan- 
ical loading. Needless to say, the insu- 
lators should be adequate to withstand 


the mechanical and electrical loading, 


including surges, to which they may be 
subjected, Other items, such as proper 
spacing between conductors to prevent 
their swinging together, should also be 
considered. Some railroads make a 
practice of increasing the insulation at 
highway crossings and at station plat- 
forms as an added protection against 
failure at such points. 


Traction substations. — The substa- 
tion safety precautions are in many 
respects analogous to those at power 
plants. It is sometimes the case, how- 
ever, that the personnel in control of a 
‘substation may not be as highly trained 
‘as is that in charge of power plants and 
for this reason added precautions for 
‘safety may be found desirable. This 
is especially true as a man may be 
assigned to operate a substation alone, 
withoul assistance. In such instances, 
it is desirable that there be no possibi- 
lity of the operator placing himself in 
danger from injury due to faulty equip- 
ment or to error in judgment. To this 


end, certain compartments and cells are © 


often closed away from the rest of the 


‘substation and operators are forbidden ~ 


to-énter unless power has been removed 


from the apparatus within these enclo- 
sures. Indeed it is sometimes found 
desirable to automatically interlock such 
locations so that it is physically impos- 
sible for the operator to obtain access 
to any conipartment until the power has 
been removed from the apparatus with- 
in. that compartment. Warning signs 
and indication signals or lights are also 
usually provided. 

Substations are usually provided with 
switches or circuit-breakers to control 
the incoming power and the outgoing 
feed to the distribution system. These 
circuit-breakers may be under the con- 
trol of the substation operator or, if the 
substation is controlled from a distance, 
by the distant operator, or from the 
power-director’s switch-board. In any 
case it is necessary that when the 
switches are to be inspected or: repaired, 
they be entirely de-energized and ino- 
perable. The maintainer must assure 
himself that the switches upon which 
he is to work have been opened and that 
the control handle is properly tagged 
by. the operator, also that all switches 
feeding the circuit-breaker on which 
he is to work have been opened, and 
that the normally energized parts of the 
circuit are grounded or earthed, before 
he touches the breaker. There si usual- 
ly provided a switch in the control cir- 
cuit, which the maintainer can open 
while he is at work, to prevent acciden- 
tal closing of the circuit breaker. 


It goes without saying that unautho- 
rized or unqualified persons should at 
all times be kept away from substation 
equipment. 

The British Home Office Regulations 
are followed by many companies within 
the British Empire, while the United 
States Bureau of Standards National 
Electrical Safety Code governs in the 
United States, in addition to regulations 
promulgated by regulatory bodies in va- 
rious states locally. Many railroads have 
elaborate safety rules of their own which 
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supplement the general rules issued by 
the governmental agencies, 


Distribution system. — There are two 
Major types of distribution systems : 


1. Overhead contact wire, and 
2. Third rail. 


(In a few installations in the vicinity 
of London, England, there is a « fourth 
Tail » for the return traction circuit to 
keep it out of the running rails and thus 
out of the ground.) The problems con- 
ne¢ted with these two types of distri- 
bution are quite diverse and are dis- 
‘cussed separately. 


Overhead contact system. — This, as 
its name implies, includes a contact- 
wire over the electrified tracks. The 
safety precautions which are necessary 
on account of the presence of this con- 
ductor are in general the same whether 
the distribution power is alternating cur- 
rent or direct current, or whether it is 
at 11.000 volts or 600 volts, except that 
at lower voltages it may be permissible 
to work from a properly protected plat- 
form with the system alive, provided 
double insulation is employed so there 
is always one insulator between the 
the maintainer and ground, while with 
high voltage, except for a relatively 
dimited class of work, the system should 
be de-energized and grounded before 
work is performed on or near the con- 
ductors. Rubber gloves are sometimes 
used for work at lower voltages, but 
seldom for voltages above 4 000. 

The height of the contact wire above 
the top of rail should be as great as 
possible wherever men are to be allowed 
‘upon the tops of cars beneath it, Some 
railroads which are electrified with 
overhead contact system prohibit men 
from riding on the tops of cars on the 
main line, even though the wire may 
be nominally sufficiently high for safety; 
because on account of overhead highway 
‘crossings there may be instances of low 
clearance which might be dangerous to 
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riders on tops of cars of a rapidily mov- 
ing train. Some railroads protect their 
crews by warning lights or signals 
placed by the roadside to indicate low 
wire, giving opportunity for the train- 
man to get down into safety. 5 

In yards where movements are rela- 
tively slow, and when for purposes of 
convenience of operation, it is desira- 
ble for men to climb upon cars, the 
clearance is maintained as high as pos- 
sible and signs are usually installed to 
warn men when approaching any neces- 
sarily-low wire. 

Besides the protection of trainmen 
from the energized overhead wire, it is 
necessary to consider carefully the pro- 
tection of the public. The contact wire 
necessarily passes under highway brid- 
ges installed over track, and in deep, 
narrow cuts the contact wire and asso- 
ciated feeders may be relatively acces- 
sible to trespassers or to the public on 
adjacent property. In all cases where 
there is possibility of direct contact or 
of contact through the dropping or 
throwing of material upon the live con- 
ductors, screens, signs, guards or other 
protective measures should be employed, 
One of the greatest problems where the 
railroad line is not thoroughly fenced 
in, is from trespassers, and it is some- 
times necessary to install guards to pre- 
vent such persons from actually clim- 
bing structures and coming in contact 
with live conductors. Some railroads 
paint warning signs on all their poles 
and structures as a matter of routine. 

At crossings with highways at grade 
(« level crossings ») the height of the 
contact wire above the roadway should 
be such that there is no possibility of 
physical contact with loads of any rea- 
sonable height passing on the highway. 
Some railroads install gauges on the 
highway at either side of each level 
or grade crossing te prevent accidental 
contact from vehicles which are too 
high to pass safely under the power dis- 
tribution conductor. 
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It is usually desirable that metal struc- 
tures supporting live contact conductors 
and associated feeders by means of insu- 
lators be electrically connected to the 
track rail, so that in the event of an acci- 
dental contact or a defective insulator, 
the structures will not be energized, but 
will be maintained as nearly as possible 
at ground or rail potential. The connec- 
tion to the rail should be sufficiently 
large so that it will not be burned off 
in the event it is called upon to carry a 
large short-circuit current. 

In some cases it is not desirable on 
account of electrolysis or for other rea- 
son, to connect the supporting structures 
to the rail. In these cases a device is 
inserted in the ground conductor con- 
sisting of a very short air gap. This gap 
is normally open, but any abnormal vol- 
tage causes a spark to jump and imme- 
diately establishes electrical connection 
and ready rail return path to the substa- 
tion. 

Needless to say, the track rails should 
be carefully bonded and the bonds well 
maintained, to insure the integrity of the 
return circuit at all times and prevent 
high rail voltages which might be dan- 
gerous to men working on the track or to 
persons boarding or leaving trains. 

In addition to the protection of train 
crews and of the public in preventing 
access to live members of the overhead 
contact system, careful consideration is 
necessary for protection of the mainten- 
ance crews whose duties require that 
they perform work upon the conduc- 
tors which are normally energized. It is 
usually desirable for various reasons, 
that any work which is necessary upon 
or near normally live facilities should be 
done with the facilities de-energized and 
grounded or earthed, The grounding 
is especially important, because from the 
nature of the system it is often possible 
that any de-energized section may be 
accidentally energized, also considerable 
induced voltage may be picked up on 
a dead, ungrounded section on high- 


voltage alternating-current systems. !t 
is fortunately true that grounding to the 
running rails eiher directly, or through 
properly connected structural steel sup- 
ports, may be easily and positively ac- 
complished, and workers thus adequate- 
ly protected against faulty operation of 
circuit breakers or other accidental 
energizing of the circuits upon which 
they are working. The process of ear- 
thing conductors or grounding them to 
the track rails is similar to that describ- 
ed above. ‘ 

Under some circumstances if care is 
taken, it may be permissible to work on 
circuits of the distribution system while 
they are alive. For instance, especially 
on low voltage circuits, a properly insu- 
lated platform mounted upon a car may 
be safely used for working upon the 
contact system alive, provided adequate 
precautions are taken, such as avoiding 
contact with any grounded structure, 
car roofs, etc. as outlined above. 

It may be permissible also to perform 
certain certain work « alive » on high 
voltage distribution systems, though the 
scope of such work is of course limited. 
Treated wood ladders are used and but 
one man is allowed upon a ladder at a 
time. Passing material from the ground 
to the ladder should be prohibited under 
these conditions in order to prevent ac- 
cident which might be caused by flow 
of current on account of reducing clear- 
ance from energized circuits to ground. 

Needless to say only properly quali- 
fied men should be-normally allowed to 
closely approach energized facilities. If 
it is necessary that non-qualified men, 
such as painters, carpenters, etc. work 
in the neighborhood of energized wires, 
a qualified man is assigned to protect 
them. It is the duty of this man to see 
that all necessary wires are de-energized 
and properly grounded or earthed as 
described above, before authorizing 
work to begin, and to constantly watch 
the progress to insure that those under 
his protection remain a safe distance 
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away from all energized wires or other 
parts. 

Third rail. — The problems in con- 
nection with third-rail protection are 
quite different from those of overhead 
contact systems. While the voltage is 
usually lower than is often the case with 
overhead contact systems, the fact that 
live parts are within a few inches of the 
ground makes necessary a number of 
considerations. 

When the railroad runs through open 
country, it is usually necessary to protect 
the third-rail from accidental contact by 
trespassers and from animals, such as 
dogs, which may cross the tracks, It is 
usual to locate the third-rail outside the 
track, and it is of course necessary to so 
place it that it will clear all equipment 
which may be run over the track. Four 
forms of such protection are common : 


1. Cover the top and two sides of the 
rail, leaving the lower surface only, bare 
for the contact shoe; 


2. Cover the top, bottom and two 
sides, leaving an open slot in one side 
between top cover and the upper sur- 
face of the third-rail, through which the 
contact device may operate; 


3. Cover two sides of rail from a 
plane above the upper surface to a plane 
below the lower surface. The contact 
device is thus operated vertically bet- 
_ ween the covers and against the top sur- 
face of the rail; 


4, A single wood coyer is sometimes 
installed directly over the rail, project- 
ing either side sufficiently far to reduce 
danger from accidental contact with the 
sides of the rail. 


If the railroad right-of-way is acces- 
sible only to employees, such rail pro- 
tection is sometimes omitted, but this 
does not protect the trackmen using me- 
tal tools from accidental contact with 
the live rail. 

The voltage of third rail located near 
the ground is usually so low that main- 


tenance work of a minor nature may 
be performed while the facilities are 
alive, provided rubber gloves and mats 
and insulated tools are employed. In 
some instances when the third rail is 
de-energized for working, it is grounded 
or earthed, but in other cases this pre- 
caution is not taken. 

Signs and warnings painted at fre- 
quent intervals on the rail guard warn 
unauthorized persons who may be on 
the right-of-way and remind railroad em- 
ployes constantly of the danger of acci- 
dental contact. At station platforms and 
near highway crossings at grade, the 
physical protection and warning signs 
are often increased. 

At highway crossings at grade (level 
crossings) the third rail is necessarily 
discontinued, and a jumper installed un- 
der the highway to carry the traction 
circuit. Care must be exercised to in- 
sure the integrity of this jumper, for 
faulty insulation may allow serious leak- 
age of current and may thus raise the 
ground voltage in the vinicity to a point 
which may be dangerous to animals and 
others passing on the highway. 

It is usual at loading platforms and 
other places where loading takes place, 
to install the third-rail on the opposite 
side of the track. 

Third-rail in large classification or 
switching yards is not desirable on ac- 
count of the necessity of constantly 
climbing on and off cars on the part of 
the yardmen, and coupling and uncou- 
pling of cars. It is thus preferable to 
accomplish power distribution by means 
of overhead contact conductors. These 
should be elevated above the track suffi- 
ciently to permit yard men to stand on 
top of the cars without coming in con- 
tact with the live conductors, 

The power for third-rail is usually 
controlled by the  power-director 
through remotely operated switches, 
just as the overhead contact system is 
usually operated, so that when a section 
is to be cut out of service for mainten- 
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ance or other purposes, the operation is 
performed through the power-director 
who insures that switches are tagged out 
to prevent premature closing. 

It is sometimes desirable for the crew 
which is about to work upon third rail, 
to determine whether or not it is alive. 
This is accomplished by means of a 
bank of eleciric lamps or other device. 
For higher voltage circuits, neon tubes 
are sometimes employed for this pur- 
pose. 

Under some conditions, especially in 
tunnels, an emergency may make it ne- 
cessary to cut off the power from the 
third rail manually. For this purpose 
push-buttons or cord devices are sup- 
plied along the route which may be 


operated by the person most conve-- 


niently located at the time, opening all 
the circuit-breakers feeding the sections, 
and de-energizing the rail. 


Electric motive power. — The safety 
precautions considered in connection 
with electric locomotives and multiple 
unit cars are primarily for the protec- 
tion of the crews, because in general it 
is possible to arrange apparatus so that 
passengers and other persons not con- 
nected with maintenance and operation 
cannot come in contact with live parts. 

One of the most important considera- 
tions is safety upon the roof of the 
equipment, especially when overhead 
contact wire distribution is employed. 
Strict regulations are usually promul- 
gated prohibiting all persons from going 
on the roof without first insuring that 
the pantographs or other power collect- 
ing devices are all lowered away from 
the supply conductor, locked down and 
grounded or earthed. In some instances 
access to the roof is made physically 
impossible unless this has been done. 

It sometimes happens that locomotives 
which normally take power from third 
rail, are equipped with an overhead pan- 
tograph or trolley device to take power 
alternatively from overhead supply con- 


_the third rail. 


ductors. Such devices are obviously 
alive when the shoes are in contact with 
It is thus usually desir- 
able to issue instructions prohibiting 
all persons from going on the roof while 
third rail shoes are in contact with the 
third rail. Care is also necessary to 
insure that it is understood that third 
rail shoes on one side of the equipment 
are always alive while those on the 
other side are in contact with the ener- 
gized third rail. 

Trouble may develop on a locomotive 
or motor-car, which is not properly 
cleared by the protective devices pro- 
vided for the purpose. For such emer- 
gency there is sometimes provided am 
arrangement which permits an absolute 
short-circuit to be established manually 
between the supply circuit and the run- 
ning rail. This arrangement is usually 
applied with third-rail distribution on- 
ly. 

In third-rail territory if it is desired 
to disconnect the third-rail shoes of an 
electric locomotive or motor car from 
the third-rail, wooden paddles may be 
inserted between the shoes and the rail. 
These paddles if properly installed, de- 
energize the equipment throughout the 
locomotive. 

Within the motive power itself, there 
are various facilities which are ener- 
gized when the locomotive or car is in 
operation, and with which physical con- 
tact may be dangerous. Is. some ins- 
tances these facilities are protected by 


warning signs and tn other cases the 


apparatus is installed in compartments, 
the doors of which cannot be opened 
unless the locomotive or car is entirely 
de-energized. 

Electric. locomotives and multiple- 
unit cars should be completely dead 
when they are within the shop or en- 
gine terminal. The problem of traction 
power within the shops is thus an im- 
portant one, for it is sometimes not con- 
venient to insure that all the personnel 
are clear whenever it is desired to move 


ee 
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a single unit of motive power. This 
problem is sometimes solved by utilizing 
an independent unit of motive-power, 
_ such as a steam locomotive or storage 

battery car, for moving equipment with- 
in shops; and sometimes by flexible low- 
voltage jumpers. 

A much considered question is the 
use of circuit-breakers on locomotives 
and on multiple-unit cars to clear the 
circuit in the event of trouble on the 
motive-power unit. Some _ railroads 
have installed such circuit-breakers, and 
some (especially where alternating cur- 
rent at high voltage is employed) have 
left off all devices of this kind, with 
the idea that if a short-circuit or ground 
occurs, the circuit-breakers protecting 
the supply-circuit at the nearest substa- 
tions or switching stations will open, 
after which the pantograph or collect- 
ing device may be automatically drop- 
ped clear of the overhead wire. If cir- 
cuit-breakers are installed on the loco- 
motive for protective purposes, it is 
usually desirable that the circuit-brea- 
kers be closed before the power-collect- 
ing device is placed in contact with the 
supply conductors. If a short-circuit 
occurs on account of defective equip- 
ment when the collecting device is rais- 
ed, the operator is thus out of the way 
of possible trouble. ; 

The use of power-jumpers at contact- 
line potential between cars of a mul- 
tiple-unit train is common. In some 
systems each car is a motor-car, and is 
thus self-contained so far as operating 
apparatus is concerned, Nevertheless in 
order to maintain power continuously 
at gaps in the distribution system, it is 
sometimes found to be desirable to con- 
nect the power-busses of the cars in a 
train together. If trailer-cars are ope- 
rated, power-jumpers are necessary 
from motors-cars, for operation of car 
heaters, lights, etc. These jumpers 
sometimes extend throughout the train 
and sometimes merely run to an indi- 
vidual trailer or two. Such jumpers 
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if the voltage is not too high are usual- 
ly installed in cable and are plugged 
into receptacles at either end platform. 
Locks are usually provided to insure 
that the plugs are not pulled from the 
receptacles unless all power has pre- 
viously been cut off, It is sometimes 
desirable to apply jumpers at high vol- 
tages (over 3000) between cars. Such 
facilities are usually in the form of an 
exposed contacting device, usually air- 
operated, mounted on the roof at the 
end of the car, which coordinates with 
a similar device on an adjacent car. 
Extreme care and thorough education 
are necessary to insure that it is under- 
stood that certain apparatus on the cars 
may be energized through train jumpers, 
and that contact with such apparatus 
is as dangerous (if jumpers are in ser- 
vice) as if the shoes on the car itself 
were in contact with the supply circuit. 


In order to guard against sudden ill- 
ness or somnolence on the part of the 
driver of a motor-car train, a so-called 
« deadman’s-handle » is supplied on the 
controller which operates the traction 
motors. This requires a continuous ma- 
nual pressure by the engine-driver upon 
the controller handle, which if released 
will cut off the power and apply brakes. 
Electric passenger locomotives are 
sometimes equipped with a similar de- 
vice, though with two men in the cab 
it is not as essential as with motor-cars 
where there is but one man. On long 
freight trains a sudden brake applica- 
tion is not desirable, and the dead-man’s 
control feature if installed, therefore 
does not set the brakes on freight trains, 
but operates a loud audible signal. 


The Industrial Safety Survey of the 
International Labor Office, Geneva 
Switzerland, Vol. VII, No. 4, July-August 
1931, in discussion covering the subject 
of one-man operation of self-propelled 
vehicles, concludes as follows : 


All things considered having regard to the 
constructional features of the safety con- 
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trollers. to practical running experience and 
the theoretical conclusions to which they give 
rise, it would appear that the time is not 
ripe for an international discussion as to 
whether the one-man system should be gen- 
erally recommended or generally condemned. 
Rather must the decision on the introduction 
or non-introduction of one-man driving be 
left to the individual railways themselves 
since, as visibility, gradients, curves and 
weather differ wholly from one to another, 
they alone are in a position to decide wheth- 
er the one-man system is suited to their 
electrificied sections and will afford the 
maximum of safety. 


Miscellaneous. — On electrified rail- 
roads adequate communication facilities 
are a necessity, Delay in transmitting 
information to the load-dispatcher or 
power-director, or in transmitting his 
instructions may have very serious con- 
sequences. A sufficient number of tele- 
phone or telegraph circuits to handle 
the business, and telephone stations or 
instruments well distributed throughout 
the electrified zone are thus very desir- 
able. This service is supplementary to 
the requirements of normal railroad 
operation in which adequate communi- 
cation plays an important part. 

Paralleling the traction power distri- 
bution system as they often do over per- 
haps relatively long distances, electro- 
magnetic and electro-static induction in 
the communication circuits present im- 
portant problems. Various means of co- 
ordination are employed to insure reli- 
ability of communication which are out- 
side the scope of the present discussion. 
Care must be exercised in working upon 
the communication circuits to guard 
against induced voltages in the conduc- 
tors, which may be sufficiently high to be 
a source of trouble unless proper precau- 
tions are taken. A relatively slight elec- 
tric shock may throw a man off a pole 
or platform. If possibility of such a 
shock exists, rubber gloves should be 
used, 


‘is operated, is from fire. 


A safety precaution which has been 
found desirable, especially where there 
is danger of stray electric current caus- 
ing sparks, is in the loading and un- 
loading of volatile inflammable liquids, 
such as gasoline (petrol). In such cases, 
and to prevent electro-static discharges, 
the track rail on which the tank car 
stands should be isolated from the rest 
of the yard, or from the main line, by 
means of insulated rail joints, and elec- 
trically grounded. There should be in 
addition, effective electrical connection 
between the track-rail and the oil pipes 
or tank, and between the tank car and 
the piping to which it may be con- 
nected. 

One of the possible sources of trouble 
where electrical apparatus of any kind 
Defective ap- 
paratus may start a fire which if not 
handled properly may result in damage 
and hazard to the persons handling the 
facilities. Trouble of this kind may 
occur in spite of all precautions. It is 
therefore desirable to install in power 
plants, substations, locomotives and at 
other points where experience indicates 
it is desirable, suitable fire-extingui- 
shers, and to instruct and train the 
personnel in handling them. Various 
types of fire may occur, — perhaps the 
most serious is an oil fire caused by a 
defective oil-cooled transformer or oil 
circuit-breaker. Combustible insulation 
may also cause difficulties. It is desir- 
able, other things being equal, that any 
fire-extinguishing medium be non-con- 
ductive of electric current, because live 
conductors may be present even though 
every effort be made to de-energize all 
apparatus in the vicinity. Insulation may 
be another source of difficulty. Carbon 
tetrachloride and liquid carbon dioxide, 
extinguishers, are among the types of 
non-conducting fire extinguishers sup- 
plied when electrical apparatus is used. 
Sand buckets are often used. If the im- 
portance of the facility warrants and 
conditions permit, a generous supply of 
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water is made available. Fire-foam and 
soda-and-acid extinguishers are effective 
in putting out fires, but the streams may 
be conductors. 

Many electrified railroads run through 
densely populated territory and it some- 
times happens that a fire may occur on 
property adjacent to the railroad right- 
of-way. Although under normal condi- 
tions of city supply of water it would 
be perfectly safe for a stream from a 
hose to impinge upon energized circuits, 
nevertheless there is not always insur- 
ance that fresh water wiil be used, and 
so it is sometimes arranged with the 
local fire departments that power will 
be removed from the system before ac- 
tive fighting of an adjacent fire is allow- 
ed to begin. 

A precaution which should be includ- 
ed in safety regulations, is in the hand- 
ling of the wrecking crane or derrick 
in electrified territory. A properly qua- 
lified electrical worker should be: as- 
signed to the wrecking crew to insure 
that the derrick boom is not raised into 
overhead wires unless they are first de- 
energized and earthed or grounded, It 


sometimes happens that an electric loco- 
motive becomes derailed. Care should 
be taken to insure that if all the wheels 
of the locomotive are off the track, the 
power from the supply-line is not ap- 
plied to the locomotive in the attempt 
to re-rail it, because if there is not an 
adequate return path through a rail con- 
nection, the whole unit may be energiz- 
ed with the full voltage of the supply 
power and serious injuries may result. 

In spite of all possible precautions it 
sometimes happens that persons engaged 
in electric traction may come in contact 
with energized circuits. Many railroads 
have first-aid facilities available at stra- 
tegic places, and the personnel is often 
fully instructed’in the best methods of 
resuscitation from electric shock, in 
treating electrical burns, and in other- 
wise caring for injured comrades until 
skilled medical assistance: is available. 
It is through continuous training in this 
direction and continuous attention to 
safety precautions and education that 
the handling of electric traction facili- 
ties may be accomplished with maxi- 
mum safety. 
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APPENDIX A. 


Below is presented a summary of data of a 
few of the electrified railroads of outstanding 
interest in the territory covered by the pres- 
ent report, — North and South America, Cuba, 
Great Britain (Dominions. and Colonies), 
China, and Japan, and chief reasons controling 
the decision for electrification. A complete 
list cannot be presented at this time on 
account of the limitation of space, but an 
attempt has been made to list typical exam- 
ples in various parts of the world included in 
the assignment, The list has been somewhat 
arbitrarily chosen and it is hoped it will 
form a basis for full discussion and that 
numerous items of interest will be presented 
which have necessarily been omitted in compil- 
ing the report. The data have been compiled 
from answers to questionnaires issued to va- 
rious electrified railroads, supplemented by 
information contained in reports of the Rail- 
way Electrification Committee, National Elec- 
tric Light Association, U. S. A. 

Reference is made briefly to the following 
railroads : 


North America, 


Canada. 


1. Canadian National Railways — a) St. 
Clair River; 6) Montreal. 


United States. 

2. Baltimore and Ohio Railroad — a) Bal- 
timore, Maryland; ») Staten Island, New 
York. 

3. Boston and Maine Railroad — Hoosac 
Tunnel, Massachusetts. 


4. Butte, Anaconda and Pacific Ry. — Butte- . 


Anaconda, Montana. 

5. Chicago, Milwaukee, St. Paul and Pacific 
R.R. — Harlowton, Montana to Avery, Idaho, 
and Othello to Tacoma and Seattle, Washing- 
ton. 

6. Cleveland Union Terminal — Cleveland, 
Ohio. 


7. Delaware, Lackawanna and Western R.R. 
— Suburbs Hoboken, N.J. 

8. Great Northern Railway — Skykomish- 
Wenatchee, Washington. 

9. Tilinois Central R.R. — Suburbs Chicago, 
Illinois. 

10. Michigan Central R.R. — Detroit River 
Tunnel, 

11. New York Central Railroad — Suburbs 
New York, N.Y. 

12. New York, New Haven and Hartford 
R.R. — New York to New Haven, Conn. 

13. Norfolk and Western Railway — Blue- 


-field-laeger, West Virginia. 


14. Pennsylvania Railroad — a) New York- 
Philadelphia and suburbs Philadelphia, Pa.; 
tb) Suburbs New York-Long Island; ¢c) Long 
Island, freight. 

15. Reading Company — Suburbs Philadel- 
phia, Pa. 

16. Virginia Railway — Mullens, West Vir- 
ginia-Roanoke, Va. 


Mexico. 


17. Mexican Railways — Esperanza-Paso del 
Macho. 


Cuba. 
18. Hershey Cuban Railway — MHavana- 
Matanzas. 
South America. 
Argentine. 


19. Buenos Aires and Western Railway — 
Buenos Aires-Moreno. 

20. Central Argentine Railway — Buenos 
Aires-Tigre East. 


Brazil. 
21. Paulista Railway — Jundiahy-Rincao. 
Chile. 


22. Chilean State Railways — Valparaiso, 
Los Andes, Santiago. 
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Great Britain, Dominions and Colonies. 


British Isles. 


23. London, Midland and Scottish Railway 
— a) Suburbs, London; 6) Manchester-Hol- 
eombe Brook; c) Manchester-Altrincham; 
d) Liverpool, Southport, Crossens, Omskirk. 

24, London & North Eastern Railway — 
«@) Neweastle-Tynemouth; 6) Shildon-New- 
port. 

25. Southern Railway — Suburbs London; 
Brighton and Worthing. 


Australia, 


26. New South Wales Government Rys. — 
Suburbs Sydney. 

27. Victorian Railways — Suburbs Mel- 
bourne. 


North America. 
Canada. 


1. — Canadian National Railways (Govern- 
ment-owned). 


a) St. Clair River Tunnel, Port Huron, Mich. 
to Sarnia, Ontario. : 

Electrification started 1908. 

Route miles 4. Track miles 12. 

Power distribution single-phase, overhead 
eatenary, 3 300 volts. 

Locomotives 9. 

Power-purchased — steam sources, delivered 
60 cycles, three-phase to frequency-changers at 
one substation owned and operated by the 
power company. 

A railroad-owned steam power plant acts as 
standby to generate power at 25 cycles, single- 
phase. 

This is a typical tunnel electrification. Al- 
though the tunnel is only about 6000 feet 
long, ventilating conditions were very difficult 
under steam operation. Both passenger and 
freight trains are handled electrically. Loco- 
motives are changed at both ends of the elec- 
trie zone. 


b) Montreal Terminal te Cartierville and St. 
Eustache. 


India. 
28. Bombay, Baroda & Central India Ry. — 
Colaba-Borivli. 
29. Great Indian Peninsula Railway — Sub- 
urbs Bombay. 


New Zealand. 

30. New Zealand Government Railways — 
a) Christchurch-Lyttleton; 6) Arthur’s Pass- 
Otira. 

South Africa. 

31. South African Railways — Pieterma- 

ritzburg-Glencoe. 


Japan. 


32. Chichibu Railway — Kumagya-Kage- 
mori. 

33. Japanese State Railways — Tokio-Yo- 
kohama and suburbs. 


Electrification started 1918. 

Route miles 17. Track miles 32. 

.Power distribution direct-current, overhead 
catenary, 2 400 volts. 

Locomotives — 6 passenger. 

Motor ears 2. 

Power purchased — steam and hydro-electric 
sources, delivered 60 cycles, three-phase, 11 000 
volts to motor-generators in one substation 
owned and operated by the railroad. 

This is a suburban and terminal and tunnel 
electrification, carrying freight and passenger 
traffic. Elaborate plans are under way for 
new and improved terminal facilities, both 
passenger and freight, in the City of Montreal. 
In view of the proposed use of air-rights over 
tracks, electrification will play an imporant 
part in the development. 


United States of America. 


2. — Baltimore € Ohio Railroad. 

a) Baltimore Tunnel, Maryland. 

Electrification started 1895. 

Route miles 4. Track miles 9. 

Power distribution direct-current, third-rail, 
600 volts. 

Locomotives — passenger or freight 8. 

Power purchased — steam and hydro-electric 
sources, delivered 25 cycles, three-phase, to 
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synchronous converters at one substation own- 
ed and operated by the railroad. 

This project, the first steam railroad elec- 
trifieation in the United States which employ- 
ed locomotives, is a typical tunnel electrific- 
ation, handling both passenger and freight. 
Power was originally produced by the rail- 
road, but the railroad plant was superseded 
in 1909. Electric locomotives haul eastbound 
trains through the tunnel on ascending grades 
with steam locomotives non-operative, and 
return light. Westbound trains without elec- 
tric locomotives coast down-grade through the 
tunnel. This method of operation avoids break- 
ing steam locomotive runs. 

b) Staten Island Rapid Transit Lines, New 
York City. 

Electrification started 1925. 

Route miles 22. Track miles 50. 

Power distribution, direct-current, third- 
rail, 600 volts. 

Multiple-unit cars — 90 motor cars, 5 trai- 
ler. 

Power purchased — steam sources, delivered 
60 cycles, three-phase, to synchronous con- 
verters in six substations owned and oper- 
ated by the railroad. One of the substations 
is manually controlled, five automatie with 
supervisory control from the manual sub- 
station. 


This electrification was installed for sub- 
urban passenger service, primarily as a re- 
sult of legislation. As the name implies 
it is in many respects analogous to a rapid- 
transit system. 


3. — Boston & Maine Raiiroad. 
Hoosae Tunnel, North Adams, Mass. 
Electrification started 1911. 
Route miles 8. Track miles 21. 
Power distribution single-phase, overhead 
ecatenary, 11000 volts. 
Locomotives — 7 passenger or freight. 
Power purchased — hydro-electric sources, 
delivered 25 cycles, .single-phase, to two 
switching stations owned and operated by 
the railroad. 


This electrification is a typical tunnel in- 
stallation. Steam locomotives are hauled, 


non-operative, with their trains (either pas- 
senger or freight) through the tunnel, tl.us 
avoiding braking steam locomotive runs. 
The power is generated in a hydro-electric 
plant, a twenty-five and a sixty-cycle gener- 
ator being mounted on the shaft with the 
water turbine so the unit may be operated 
as a frequency-changer, if desired. The rail- 
road load is the only twenty-five cycle load. 
Previous to the electrification, operation 
through the tunnel was very difficult, even 
with oil-burning locomotives and an elabor- 
ate ventilating system. Electric operation 
allows longer trains to -be hauled through the 
tunnel more frequently than with steam. 


4. — Butte, Anaconda & Pacific Railroad. 
Butte to Anaconda and branches. 
Electrification started 1913. 

Route miles 38. Track miles 122. 

Power distribution direct-current, overliead 
eatenary, 2400 volts. 

Locomotives — passenger 1, freight 27. 

Power purchased — hydro-electrie sources, 
delivered 60 cycles, three-phase, to three-unit 
motor-generators, owned by the railroad, at 
two substations owned and operated by the 
power company. 


This electrification carries both passenger 
and freight services. Increased length of 
trains and increased speed is obtained with 
the electric operation. There is also con- 
siderable fuel saving, as waterpower is read- 
ily available in that territory and fuel rel- 
atively expensive. An interesting operating 
feature is the heating of passenger coaches 
electrically, the coaches used in the electric 
zone being especially equipped for this pur- 
pose. It has been stated that electric oper- 
ation made possible a saving on the order of 
20 % per year on the added investment re- 
quired, based on costs immediately before 
and after electrification was started. 


5. — Chicago, Milwaukee, St. Paul & Pacific 
Railroad. ; 
Harlowton, Montana, to Avery, Idaho, and 
Othello to Tacoma and Seattle, Washington. 
Electrification started 1914. 
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Route miles 659. Track miles $4. 

Power distribution direct-current, 
head catenary, 3000 volts. 

Locomotives — passenger 15, freight 42. 

Power purchased — hydro-electric sources, 
delivered 60 cycles, three-phase, to motor- 
generators at 22 substations owned and oper- 
ated by the railroad. The transmission is 
owned and operated partly by the power 
companies and partly by the railroad. The 
substations are all attended. 


over- 


This electrificaton carries both passenger 
and freight. Locomotive runs were length- 
ened when electric operation started, and a 
number of engine terminals discontinued. Sub- 
sequent developments have shown that this 
-might have been done eventually with steam 
operation by reason of recent improvements in 
steam locomotive design and operation, even 
if electrification had not taken place. A very 
definite advantage has been obtained by re- 
generating power on long descending grades. 
The power thus returned to the line amounts 
to hetween twelve and fifteen per cent of the 
energy used. Maintenance charges for rolling 
stock have been gradually decreased, especially 
with respect to brake rigging and draft gear 
on both freight and passenger cars. Fuel say- 
ing has been relatively high, as abundant 
water power is readily available. An analysis 
of savings due to electric operation soon after 
the start of electric service, based upon the 
steam operation displaced, indicated about 
10 % per year (over and above interest and 
depreciation charges) on capital invested. 


6. — Oleveland Union Terminal Company. 


City of Cleveland, Ohio. 

» Electrification started 1930. 

Route miles 17. Track miles 65. 

Power distribution direct-current, overhead 
eatenay, 3.000 volts. ‘ 

Locomotives — passenger 22. 

Power purchased — steam sources, delivered 
60 cycles, three-phase, to motor generators 
at two substations owned and operated by the 
railroad company, remotely controlled. 


This electrification carries passenger serv- 
ice only. ‘Steam locomotives are uncoupled 


. at either end of the electrified zone and 


electric locomotives substituted for transit 
through the city. The electrification has 
enabled the company to utilize for revenue 
purpose, space over the passenger station 
tracks. In view of the fact that the « ter- 
minal » is located in the heart of the city, 
the air rights are of great value. The rem- 
oval of passenger facilities from the area 
along the lake front has permitted expansion 
of freight facilities on the land formerly used 
for the passenger tracks and terminal. 
While this is perhaps not a- direct: credit to 
the electrification, it may be said that locat- 
ing the passenger station in the heart of the 
business district, where it now is, would 
have undoubtedly been open to objection 
under steam operation. 


7. — Delaware, Lackawanna & Western Rail- 
road, 


Suburban territory Hoboken, New Jersey. 
Electrification started 1930. 
Route miles 68. Track miles 158. 


Power distribution direct-current, over- 
head catenary 3000 volts. 

Multiple-unit cars — motor-cars 141, trail- 
ers 141. 

Locomotives three-power freight — 2. 


Power purchased —- steam and hydro-electric 
sources, delivered 60 cycles, three-phase, to 
mereury-are rectifiers at five substations 
owned and operated by the railroad. 4 substa- 
tions are manually operated and 1 remote. 

This electrification has resulted in speed- 
ing schedules and improving service. <A 
tunnel immediately outside the terminal 
presented some limitations under steam oper- 
ation. The communities served by the elec- 
trification agreed in advance to increases in 
commuter rates in consideration of improved 
service. A small amount of freight switch- 
ing is performed electrically. All « through >» 
service is operated by steam in the electric 
zone, 


8. — Great Northern Railway. 


Wenatchee to Skykomish, Washington. 
Electrification. started 1929 (The present 
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system supersedes original electrification in-~ 


stalled 1909). 

Route miles 73. Track miles 93. 

Power distribution single-phase, overhead 
eatenary, 11000 volts. 

Locomotives — passenger 8, freight 5 (2- 
eab units). 

Power purchased — hydro-electric sources, 
delivered 60 cycles, three-phase, to frequency- 
changers at two substations, one manually 
operated, the other remotely controlled from 
the first. A third supply is generated at 25 
eycles, single-phase. Step-down transformer 
stations are located at five points. 


This electrification is an example of an 
installation originally made for tunnel oper- 
ation and extended to make possible the eco- 
nomies due to unified operation, and oper- 
ation over long grades. Furthermore, water 
power is readily available. 

The locomotives are all of the motor-gen- 
erator type and are equipped for regener- 
ation on descending grades. It is said that 
about 20 % of the power purchased is return- 
ed to the system through regeneration. Pas- 
senger trains are heated by means of an 
oil-fired boiler carried in a trailer car behind 


the locomotive, and operated by the engin- . 


eer’s helper. 


9. — Illinois Central Railroad. 

Suburban territory and terminal freight 
yards, Chicago, Ilinois. 

Electrification started 1926. 

Route miles 38. Track miles 154. 


Power distribution direct-current, over- 
head catenary, 1500 volts. 
Multiple-unit cars — motor-cars 140, trailers 
140. 

Locomotives — switchers 4 (supplemented 
by 6 oil-electric locomotives). 

Power purchased — steam sources, deliver- 


ed 60 cycles, three-phase to synchronous con- 
verters and mercury-are rectifiers at seven 
substations, owned and operated jointly with 
commercial service by the power companies. 


This electrification was inaugurated origin- 
ally in accordance with an agreement with 
the City of Chicago by which the railroad 


received certain concessions in return for 
electrifying. The suburban traffic has great- 
ly increased since electrification on account 
of improved service — (Revenue passengers 
carried increased 50 % in the first eighteen 
months of electrification). « Through » pas-" 
senger and freight traffic is handled by steam 
into the terminal, but freight switching in 
the terminal yards is handled electrically and 
by means of oil-electric locomotives. 


10. — Michigan Oentral Railroad. 

Detroit River Tunnel — Detroit, Michigan 
to Windsor, Ontario. ‘ 

Electrification started 1910. 

Route miles 5. Track miles 29. 

Power distribution, direct-current, third- 
rail, 650 volts. 

Locomotives (passenger or freight) 12. 

Power purchased -— steam sources, deliver- 
ed 60 cycles, three-phase, to motor-generator 
at one substation owned and operated by the 
railroad. 


This is a typical tunnel electrification. 
There are heavy grades in the main river 
tunnel which woultl make operation under 
steam conditions difficult. Locomotives are 
changed at both ends of the electric zone, on 
both passenger and freight trains. 


ll. — New York Central Railroad. 
Suburban territory and city, New York, 
N.Y. 
Electrification started 1906. 
Route miles 71. Track miles 368. 
Power distribution, direct-current, 
rail, 650 volts. “4 
Multiple-unit cars, all motor cars, 352. 
Locomotives — passenger 83, freight 44, 
switchers 43 (of which 35 are three-power 
locomotives, oil-electric-storage battery). 
Power produced in two steam plants, 
delivered 25 cycles, three-phase, to synchro- 
nous converters in 21 substations, some man- 
ually operated and some operated with su- 
pervisory control. 


third- 


This electrification was originally devel- 
oped on account of legislative action, com- 
bined with troublesome tunnel and congested 
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terminal problems, and the creation of very 
yaluable -revenue-producing air rights over 
the passenger terminal tracks in the heart of 


the City of New York. Electrification made’ 


possible the operation of the terminal on 
two levels with consequent greatly increased 
track capacity in the closely restricted area. 
« Through » passenger service is operated 
electrically in the electric zone, and freight 
and switching operation is also all electric- 
ally operated within the limits of New York 
City im accordance with legislative action 
and in return for concession from the city. 
This allows covering the freight tracks and 
use of the overhead space for highway pur- 
poses. 

New York, New Haven and Hartford Rail- 
road trains operate over the tracks of the 


New York Central Railroad into the passen- 


ger terminal. 


12. — New York, New Haven & Hartford 
Railroad. 


Suburban territory and City of New York, 
N.Y. and to New Haven, Danbury, New Can- 
aan, Connecticut. ; 

Electrification started 1907. 

Route miles 138. Track miles 659. (In- 
eluding New York Connecting Railroad oper- 
ated by the New Haven Railroad). 

Power distribution, single-phase, overhead 
eatenary, 11000 volts. 

Multiple-unit cars — motor-cars 173, trail- 
ers 128. 

Locomotives — passenger 78, freight 47, 
switchers 24, work 1. 

Power produced and purchased — mostly 
steam sources, 25 cycles, single-phase. <A 
small amount of power is generated at 60 
eycles, three-phase and supplied to frequency- 
changers owned by the railroad, installed at 
one substation which is owned and operated 
by the power company. A small amount of 
mutual standby power is_ interchanged 
through frequency-changers at two substa- 
tions with 25 cycle, three-phase, systems. 


This electrification was originally devel- 
oped (see note under New York Central elec- 
trification) on account of legislative action, 


and to solve a terminal and tunnel problem 
in New York City, with the development of 
air rights of great value over the terminal 
tracks. (New Haven trains, normally taking 
power from an overhead contact wire at 
11000 volts single-phase, operate over the 
New York Central tracks, where it is ne- 
cessary to take power from a third-rail at 
600 volts direct-current). Extensions of serv- 
ice and in territory have been made from 
time to time to increase general economies 
and to obtain the advantages of unified serv- 
ice within an operating district. Practically 
all service within the electrified territory is 
handled electrically. « Through >» trains are 
heated in the electric zone by. oil-fired boilers, 
either on the locomotive or on trailers prov- 
ided for the purpose, for use especially when 
freight locomotives are employed on passen- 
ger or express service. Seven of the locomo- 
tives are of the motor-generator type all 
the others utilize series-commutator motors. 
Power is supplied normally to the Bay Ridge 
Section of the Pennsylvania Railroad. Long 
Island Division, over which New Haven trains 


operate. 


13. — Norfolk & Western Railroad. 


Bluefield to Iaeger, West Virginia, and va- 
rious branches. 
Blectrification started 1915. 

Route miles 56. Track miles 209. 

Power distribution, single-phase. overhead 
catenary, 11 000 volts. 

Locomotives — freight 16 (2-cab units). 

Power is produced, the steam plant gener- 
ating single-phase power and delivered to 
railroad own transmission lines at 44 000 and 


88000 volts. An interchange connection 
through a  frequency-changer for mutual 
standby is maintained with a commercial 


power company. Hither half of this set, dis- 
connected from the oher by a mechanical 
clutch, may be independently operated as a 
synchronous condenser on its own system. 
A mutual standby single-phase connection is 
maintained with the Virginian Railroad. 


This electrification carries very heavy coal 
traffic, over long heavy grades. It was ori- 
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ginally installed to make unnecessary the 
supplementing of long single-track tunnels 
which limited seriously the capacity of the 
railroad. Extensions were © subsequently 
made to unify the operation. Regeneration 
is employed on descending grades, The lo- 
comotives are equipped with three-phase 
motors, supplied from the single-phase distri- 
bution system through rotating phase-conver- 
ters. Twelve of these are induction machines 
and four are synchronous. Passenger trains 
and light freight trains are operated over the 
electric zone by steam locomotives. 


14. — Pennsylvania Railroad. 

a) New York and Philadelphia, Pa., and 
suburban territory, Philadelphia. 

(Extension in progress to Washington. 
D.C.) 

Electrification started 1915. (Original ter- 
minal electrification at New York started in 
1910 with third-rail operation). 


Route miles 221. Track miles 697 (now 
electrified) (Additional under construction 
— route miles 232, track miles 1082). 

Power distribution, single-phase, over- 


head catenary, 11000 volts, and direct-cur- 
rent, third-rail, 650 volts. 

Locomotives — freight 2, passenger 46, 
switching 10, Multiple-unit cars — motor-cars 
450. (Total including equipment purchased 
not yet delivered — Locomotives, passenger 
104, freight 118 — switching 44; multiple- 
unit cars — motor ears 494, trailers 44.) 

Power is largely purchased — steam and 
hydro-electric sources. Generated 60 cycles, 
delivered 25 cycles, three-phase and single- 
phase from firequency-changers at substa- 
tions owned and operated by the power com- 
panies. The railroad operates single-phase 
transmission lines at 44000 and 132 000 volts, 
and three-phase at 11000 and 37500 volts. 

This. project has grown from the original 
Philadelphia suburban territory electirifica- 
tion and the initial New York tunnel and ter- 
minal operation. The Philadelphia subur- 
ban original electrification permitted post- 
ponement for about fifteen years of the re- 
construction of the Broad Street terminal, 
which would have been exceedingly expen- 


sive. The savings due to the original elec- 
trification were thus incidental. Complete 
electrification of the suburban traffic at 
Philadelphia has now made available air 
rights of great value at Broad Street, in the 
heart of Philadelphia, through the construe- 
tion of a suburban terminal entirely under- 
ground. The < through » electrification be- 
tween New York and Washington is being 
accomplished to. increase speed of both pas- 
senger and freight, to unify operation and 
avoid duplication, and to obtain general eco- 


nomies. It will be, when it is completed, the 
most comprehensive electrification in the 
United States. 

b) Suburban territory on Long Island, 
New York, N.Y. 

Electrification started 1905. 

Route miles 126. Track miles 363. 

Power distribution. ¥lirect-eurrent, third- 
rail, 650 volts. 

Locomotives — passenger and freight 16 — 
switching 2. : 

Multiple-unit cars — motor-cars 825, trail- 
ers 251. 

Power is produced and purchased — steam 
sources. Delivered at 25 cycles, three-phase, 


and at 60 cycles, three-phase, to synchronous 
converters and mercury-are rectifiers, at 29 
substations owned and operated by the rail- 
road. 


This is a typical suburban electrification 
entering New York City from the east, 
through long tunnels under the East River, 
to a joint terminal with the « through > 
Pennsylvania Railroad traffic from the west. 
All the terminal tracks*’are entirely under- 
eround. The advantages of electrification of 
suburban service are thus combined with 
those of electric operation in a very congest- 
ed terminal, and through long tunnels. In 
fact it may. be said that without electric 
traction the operation as now accomplished 
would be fundamentally impossible. 
« Through >» trains from the east of Long 
Island are hauled through the electric zone 
by electric locomotives , and freight within 
the limits of New York City is hauled eélec- 
trically. 
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e) Bay Ridge to Fresh Pond Jct., Long Is- 
land, New York City, 

Electrification started 1926. 

Route miles 12. Track miles 83. 


Power distribution, single-phase, overhead 


eatenary, 11000 volts. 
' Locomotives — freight 14. 

Power normally furnished from the New 
York, New Haven and Hartford, R.R. system, 
25 cycles, single-phase, with mutual standby 
connection through a motor-generator with 
the 25-eyele, three-phase supply of the Long 
Island Division. 


This electrification was installed in coord- 
ination with the electrification of the New 
York, New Haven and Hartford Railroad and 
of the New York Connecting Railroad, and 
handles freight traffic only. The « trough > 
freight trains from New Haven operate elec- 
trically to the car floats at Bay Ridge whence 
the cars are ferried accross New York Har- 
bor. 


15. — Reading Company. 


Suburban territory, Philadelphia, Pa. 

Electrification started 1931. 

Route miles 69. Track miles 161. 

Power distribution, single-phase, 
head catenary, 11000 volts. 

Multiple-unit ears (all motor-ears) 70. 

Power purchased — steam and _ hydro- 
electric sources — delivered 60 cycles, three- 
phase, to frequency-changers at one substa- 
tion, owned and operated by the power com- 


pany. 


This is a typical suburban electrification. 
Steam locomotives operate « through » traffic 
over the electrified tracks into the terminal. 
An interesting feature of this installation 
lies in the fact that the frequency-changers 
are « outdoor >» machines, the auxiliary ap- 
paratus, such as metering equipment, etc., 
being within the foundations. A track laid 
alongside the substation will enable heavy 
maintenance by means of a locomotive wreck- 
ing crane, thereby doing away with the ne- 
eessity for installing a crane at the substa- 
tion. 


over- 


16. — Virginian Railway. 


Mullens, West Virginia to Roanoke, Vir- 
ginia. 

Electrification started 1925. 

Route miles 135. Track miles 230. 

Power distribution, single-phase, 
head catenary, 11000 volts. 

Locomotives — freight 11 
switchers 3. 

Power produced — steam source, generated 
and delivered to railroad transmission system 
single-phase, 25 cycles. A single-phase mut- 
ual standby connection with the Norfolk and 
Western Railroad has been made. 


Over- 


(3-cab units), 


This is largely a very heavy coal-carrying 
service, through mountainous country where 
grades and curves are severe. Llectric oper- 
ation has resulted in great economy due to 
handling heavier trains at higher speeds than 
was possible with steam. A number of tun- 
nels are encountered along .the route, and 
electrification has simplified operation 
through these tunnels. Regeneration is em- 
ployed “on descending grades. About 20 % 
of the total energy consumed to propel trains 
eastbound is regenerated. The westbound 
trains, running empty as they do, do not 
regenerate a large amount of power. The 
total regeneration is on the order of 8 % of 
the total energy required to operate the rail- 
road. The motors are three-phase, with 
synchronous phase-converters to supply ener- 
gy from the single-phase distribution cir- 
cuit. 


Mexico. . 
17. — Mexican Railways. 
Esperanza to Paso del Macho. 
Electrification started 1925. 
Route miles 64. Track miles 70. 
Power distribution, direct-current, 
head catenary, 3 000 volts. 
Locomotives (passenger and freight) 12. 
Power purchased — hydro-electric sources- 
delivered 60 cycles, three-phase to motor- 
generators (three-unit), at two substations 
owned and operated by the railroad. 
This electrification over very heavy grades 


over- 
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(up to 4.7 %) was undertaken for general 
economic reasons and to increase track ca- 
pacity. Operating expenses were very high, 
both in labor and material. The steam loco- 
motives burn oil and hydro-electric power is 
readily available. Regeneration is employed 
on descending grades. It has been stated 
that the annual return on capital required 
for the electrification has been about 26 %. 


Cuba. 


18. — Hershey-Cuban Railway. 
Havana to Matanzas and branches. 
Electrification started 1920. 

Route miles 54. Track miles 111. 

Power distribution — direct-current, over- 
head catenary, 1200 volts. 

Locomotives — freight 11. 

Multiple-unit cars — motor-cars 21. 

Power produced — steam source. The rail- 
road power plant (oil burning) also supplies 
commercial power to communities along the 
route. 60 cycle, three-phase power is supplied 
to rotary converters (two in series) at three 
substations owned and operated by the rail- 
road, 


This electrification was primarily installed 
on account of the high cost of oil which is 
utilized as fuel in Cuba, and the difficulty 
of obtaining satisfactory operation of steam 
locomotives with the labor available in Cuba. 
There was also considerable expense involved 
in maintaining proper feed-water supply along 
the route for steam locomotives, especially in 
dry weather. This trouble was, of course, 
eliminated by the electrification. The road 
has very heavy grades, and operation over 
these was facilitated by electrification. 


South America. ' 
Argentine. 


19. — Buenos Ayres Western Railway. 


Buenos Aires and Moreno and (for freight) 
the city of Buenos Aires. 

Electrification started 1923. 

Route miles 22. Track miles 82. 

Power distribution — direct-current. third- 


rail, 800 volts (for freight only overhead cat- 
enary). 
Locomotives — freight 2. 


Multiple-unit cars -—— motor cars 76, trailers 
oie 

Power produced — steam source, delivered 
25 eycles three-phase to rotary converters at 
four substations, owned and operated by the 
railroad, 

This electrification combines a suburban 
operation with freight through a long tunnel 
under the city from Plaza Once to the docks 
of the port of Buenos Ayres. The electrifica- 
tion was originally necessary on account of 
growing congestion of traffic. The capacity of 
the line was increased and service much im- 
proved by electrification, which in turn pro- 
duced increased traffic. The third-rail is of 
unusual channel design — somewhat like an 
inverted letter « L » boxed with wood on the 
top and outside, the contact being on the under 
side of upper flange. 


20. — Central Argentine Railway. 

Buenos Aires to Tigre West, Tigre East and 
Villa Ballester and Bancalari. 

Electrification started 1916. 

Route miles 438. Track miles 113. 


’Power distribution, direct-current, third- 
rail, 800 volts. 

Multiple unit cars — motor cars 125, trail- 
ers 118. 

Power produced — steam source, delivered 


25 cycles, three-phase to rotary converters at 
nine substations owned ond operated by the 
railroad of which four are manual and five 
automatic. 


This is a suburban electrification, origin- 
ally installed on account of congestion. The 
capacity of the railroad was increased and 
service improved by electrification. The stan- 
dards are similar to those of the Buenos Aires 
and Western Railroad. 


Brazil. 
21. — Paulista Railway (5’ 3’ gauge). 
Jundiahy to Rincao. 


Electrification started 1921. 
Route miles 204. Track miles 252. 
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Power distribution, direct 
head catenary, 3.000 volts. 

Locomotives — passenger 13, freight 27. 

Power purchased — hydro-electric sources, 
with steam auxiliary. Delivered 60 cycles, 
three-phase, to motor-generators at seven sub- 
stations, owned and operated by the railroad 
— one portable substation. 


current, over- 


This electrification carries passenger and 
freight traffic. It was started on account of 
the scarcity and high cost of coal and of wood 
largely used as fuel. Water-power is fairly 
abundant, but it is necessary to supplement 
it by steam plants. The operation is over 
heavy mountain grades, and regeneration of 
power is employed on descending grades. It 
is said that maintenance of the electric lo- 
comotives is about one-third that of steam lo- 
ecomotives displaced and that the saving of 
fuel has been about three-quarters. The ca- 
pacity of the line has been considerably in- 
ereased by electric operation. 


Chile. 
22. — Chilean State Railways (5’ 6’ gauge). 


Valparaiso to Los Andes and Santiago. 

Electrification started 1923. 

Route miles 144. Track miles 236. 

Power distribution, direct-current, overhead 
catenary, 3000 volts. 


Locomotives — passenger 21, freight 15, 


switching 7. 

Power purchased — hydro-electric sources, 
with steam auxiliary, delivered 50 cycles, 
three-phase, to motor-generator sets at five 
substations owned and operated by the rail- 
road. : 


This electrification carries both passenger 
and freight service over heavy mountain grad- 
es, and through a large number of tunnels. 
Fuel is scarce and expensive and hydro-electric 
power available. 


Great Britain, Dominions and Colonies. 


23, — London Midland & Scottish Railway. 

a) Suburban territory, London (two se- 
parate sections operated jointly with local 
rapid transit facilities). 


Electrification started 1905. 
Route miles 45. Track miles 101. 


Power distribution, direct-current, third- 
rail and fourth-rail, 600 volts. 

Multiple-unit cars — motor-cars 153, trail- 
ers 237. 


Power produced and purchased, delivered 
50 cycles, three-phase to rotary-converters at 
eleven substations owned and operated by the 
railroad, 

This electrification is typical of a number 
of electrical operations about London, in that 
there is coordination with rapid-transit oper- 
ation. Steam service for « through » passen- 
ger traffic and freight is operated over the 
electrified tracks. Storage batteries are used 
to help carry peak loads. 


b) Manchester to Holeombe Brook. 

Electrification started 1914. 

Route miles 14. Track miles 29. 

Power distribution, direct-current, 
rail, 1200 volts. 

Multiple unit cars — motor-cars 38, trailers 
28. * 

Power produced — steam sources, delivered 
25 eycles, three-phase to rotary converters at 
two substations. 

This electrification employs the only high- 
voltage third-rail in England. A specially 
constructed and protected type of rail is used 
with side contact. The installation was 
originally 3600 volts, direct current, with 
overhead catenary.. 

c). Manchester to Altrincham (jointly own- 
ed with London North Eastern Railway). 

Electrification started 1931. 

Route miles 10. Track miles 28. 


third- 


Power distribution, direct-current, over- 
head catenary, 1500 volts. 

Multiple-unit cars — motor-cars 24, trailers 
44. 


Power purchased — steam source, delivered 
50 cycles three-phase to rotary converters at 
two substations, one manually operated, the 
other by remote control. 


This project is of interest in that it is the 
first installation in Great Britain of 1 500- 
volt, direct-current power distribution for 
multiple-unit car operation, and the first elec- 
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trification to be installed since the adoption 
of that system by the Ministry of Transport 
as standard. The primary reason for the elec- 
trification was highway. competition. Sche- 
duled running time between terminals is de- 
creased in spite of the institution of added 
local stops, and the frequency of train service 
increased about fifty per cent. 


d) Liverpool to Southport, Crossens and 
Omskirk. 

Electrification started 1904. 

Route miles 38. Track miles 93. 

Power distribution, direct-current, third-rail 
and fourth-rail, 600 volts. 

Power produced — steam source, delivered 
25 cycles, three-phase to rotary converters. 


This electrification was installed primarily 


on account of the fact that under steam . 


operation, the capacity of that section of the 
railroad had been reached. The electrification 
produced increased traffic and it is understood 
that the capacity of the line has again been 
reached and that a revision of the present 
electrification system is under consideration. 


24. — London & North Eastern Railway. 


a) Newcastle to Tynemouth. 

Electrification started 1904. 

Route miles 32. Track miles 81. 

Power distribution, direct-current, 
rail, 600 volts. 

Multiple-unit cars — motor-cars 91, trailers 
61. 

Locomotives — switchers 2. 

Power purchased — steam source, delivered 
40 cycles (shortly to be changed to 50 cycles) 
three-phase, to rotary converters at five sub- 
stations owned and operated by the power 
company. 


third- 


This electrification is essentially for sub- 
urban and terminal service, to meet outside 
competition. Recent highway competition has 
been successfully met by ten-minute service. 
Power is available relatively cheaply in this 
territory, because the power company main- 
tains interconnection with systems of iron and 
steel plants which utilize large amounts of 
waste heat for power generation. 


b) Shildon-Newport (near Middlesborough). 

Electrification started 1915. 

Route miles 19. Track miles 45. 

Power distribution, direct-current, overhead 
catenary, 1500 volts. 

Locomotives — freight 10. 

Power purchased — steam sources, deliver- 
ed 40 cycles (shortly to be changed to 50 
cycles), three-phase, to rotary converters (two 
in series) at two substations owned and oper- 
ated by the power company. 


This electrification carries freight, largely 
coal, from mines to tide-water. The traffie 
is of high density. Power is relatively cheap 
because of interconnection between the power 
company and steel mills which utilize waste 
heat for power generation. It is of interest 
that a portion of the electrified route coin- 
cides with the route of the first commercial 
railroad to be operated in England (Stockton 
to Darlington, 1825). 


25: — Southern Railway. 

Suburban territory, London and to Brighton 
and Worthing. 

Electrification started 1909. 

Route miles 307. Track miles 820. 


Power distribution, direct-current, third-rail, 
650 volts. 


Multiple-unit cars — motor-cars 888, trail- 
ers 1119. ‘ 
Power produced and purchased — delivered 


25 cycles and 50 cycles, three-phase, to recti- 
fiers and rotary converters at forty-eight sub- 
stations of which three are not attended. 


This is the largest swburban electrification 
in the world. More than 16 % of the mileage 
of the Southern Railway system is electrified. 
It represents the consolidation of a number of 
projects operated by railroads now compris- 
ing the Southern Railway System. A portion 
of the present electrified system was origin- 
ally installed single-phase, but was changed to 
conform with the rest of the system to obtain 
unified operation. It is said this electrific- 
ation by rapid and frequent schedules has 
brought back to the rails traffie formerly 
lost to highway competition. 


442? nm 
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Australia. 


26. — New South Wales Government Rail- 
ways. 
Sydney and suburbs. 
Electrification started 1926. 
Route miles 88. Track miles 262. 
Power distribution, direct-current, overhead 
catenary, 1500 volts. 


Multiple-unit cars — motor-cars 307, trail- 
ers 295, 
Power produced and purchased — delivered 


25 eycles, and 50 cycles, to mercury-rectifiers 
and to rotary converters (some operate singly 
and some two in series) at thirteen substa- 
tions. 


This is a typical heavy suburban electrific- 


ation. An interesting item of estimated say- 
ing — permissible only with government- 
owned railroads —-has been suggested in 


connection with saving of time in transit, 
made possible by electrification. It has been 
estimated that the saving of passengers’ time 
on account of accelerated service amounts to 
2000 000 passenger-hours per year. At one 
shilling per passenger-hour, this would amount 
to £ 1000000 per year, which, capitalized, 
would amount to nearly 80 % of the total 
cost of electrification. 


27. — Victorian Railways (Government-owned). 


Suburban territory Melbourne. 

Electrification started 1919. 

Route miles 172. Track miles 439, 

Power distribution, direct-current, 
head catenary, 1500 volts. 

Multiple-unit cars — motor-cars 390, trailers 
466. 

Locomotives — freight 12. 

Power produced — steam source, 25 cycles, 
three-phase, delivered to rotary converters at 
eighteen substations, of which four are au- 
tomatie. 


over- 


This electrification carries a typical sub- 
urban traffic. It was originally installed as 
an alternative to construction of additional 
tracks to take care of rapidly increasing bu- 
siness. It is said that the Flinders Street 
Station is the busiest railroad terminal in the 


world — 2450 electric trains and 260 steam 
trains are handled there on a normal day. 
The increase in traffic since electrification 
has been noteworthy since much of it is has 
taken place in spite of keen competition from 
outside. The annual increase since electrific- 
ation has been about 11 % as compared with 
4 % annually under steam operation. Some 
freight is handled electrically in the elec- 
trified territory, but all « through » passenger 
traffic is handled by steam. Fuel is relat- 
ively expensive in the district, and the sav- 
ing of fuel is therefore important. 


India. 


28. — Bombay, Baroda & Central India Rail- 
way. 
Colaba to Borivli (near Bombay). 
Electrifieation started 1928. 
Route miles 23. Track miles 75. 
Power distribution, direct-current, overhead 
eatenary, 1500 volts. 


Multiple-unit cars — motor-cars 40, trailers 
120. 
Power purchased, hydro-electric sources, 


delivered 50 cycles, three-phase, to rotary con- 
verters (two in series) at three substations 


operated by supervisory control. 


This electrification was primarily install- 
ed to take care of increasing service demands, 
the capacity of the railroad under steam oper- 
ation having practically been reached. Coal 
is expensive and hydro-electric power in the 
mountains known as the Western Ghats, is 
abundant. 


29. — Great Indian Peninsula Railway (State 
Railway of India). 

Suburban territory Bombay, and to Ka- 
lyan, Poona and Igatpury (to Bandra over the 
line of the Bombay, Baroda and Central In- 
dia Railway). in 

Electrification started 1925. 

Route miles 180. Track miles 570. 


Power distribution, direct-current, over- 
head catenary, 1500 volts. : 

Multiple-unit cars — motor-cars 38, trail- 
ers 108. 


Locomotives — passenger 24, freight 41. 
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Power purchased — hydro-electric source, 
delivered 50 cycles, three-phase, to rotary 
converters at four substations. 


This electrification was originally accom- 
plished to handle very heavy suburban service 
and was subsequently extended across the 
mountains known as the Western Ghats, to 
take in operation over heavy grades and 
through long tunnels. Regeneration is ac- 
complished on descending grades with freight 
but not with passenger trains. Fuel is ex- 
pensive and water power abundant. The ca- 
pacity of the line has been increased. 


New Zealand. 
30. — New Zealand Government Railways. 
a) Christchurch to Lyttleton. 
Electrified 1929. 
Route miles 6. Track miles 15. 
Power distribution, direct-current. overhead 
eatenary, 1500 volts. 
Locomotives (passenger and freight) 6. 
Power purchased — delivered to rotary con- 
verters (single armatures) at one substation. 


This electrification includes passenger and 
freight traffic over heavy grades and through 
long tunnels. 


b) Arthur’s Pass to Otiro. 

Electrification started 1924. 

Route miles 8. Track miles 13. 

Power distribution, direct-current, overhead 
ecatenary, 1500 volts. 

Locomotives (passenger and freight) 6. 

Power produced. 


This is a typical tunnel electrification. 
The tunnel (over five miles long) is said to 
be the longest in the British Empire. Both 
passenger and freight traffic are handled elec- 
trically. 


South Africa, 


31. — South African Railways (3 6/7 gauge). 
Pietermaritzburg to Glencoe and branches. 
Electrification started 1926. 

Route miles 170. Track miles 244, 
Power distribution, direct-current, overhead 
eatenary, 3000 volts. 


Locomotives (passenger and freight) 95. 

Power purchased from Electricity Supply 
Commission, steam sources, delivered 50 cy- 
cles, three-phase to motor generators (three- 
unit) at eleven substations in addition to one 
substation supplied direct from the power 
plant. All are automatic and are owned and 
operated by the railroad. , 

Coal is plentiful and cheap in South-Africa. 
The electrification was installed as an alter- 
native to double-tracking the line. Both 
passenger and freight traffic are handled 
electrically. One advantage of electrification 
has been the elimination of the fire hazard 
in the grass along the route. Regenerative 
braking is employed on descending grades. It 
is of interest to note that in the study for this 
electrification no estimate was included for 
fuel economies. Large savings were estimated 
in locomotive maintenance, depreciation and 
in operating wages. It is estimated that over 
22 000 000 kw.-h. of energy is regenerated an- 
nually which would otherwise be absorbed in 
brake shoes. This is about 18 % of the power 
used. 


Japan. 


32. — Chichibu Railway (3’ 6” gauge). 


Kumagaya to Magemori. 

Electrification started 1922. 

Route miles 40. Track miles 50. 

Power distribution, direct-current, overhead 
catenary, 1 200 volts. 

Locomotives (passenger and freight) 5. 

Multiple-unit. cars — motor-cars, trailers 3. 

Power purchased — hydro-electric source, 
delivered to rotary converters (two in series) 
at two substations. 


This electrification carries considerable lime 
stone and lumber from the mountains. 


33. — Japanese Government Railways (3’ 6” 
gauge). 
Tokio and Yokohama suburban territory 
and main line. 
Electrification started 1904. 
Route miles 160. Track miles 490. 
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Power distribution, direct-current, overhead 
eatenary, 600, 1200, 1500 volts. 

Locomotives — passenger 82, freight 15. 

Multiple-unit cars — motor cars 486, trail- 
ers 489. ss! 

Power purchased and produced — hydro- 
electri¢ sources, supplemented by steam 
sources. Delivered mostly 50 cycles, three- 
phase, to rotary converters and motor-gener- 
ators at seventeen substations, some man- 
ually operated, some remotely controlled, and 
some automatic. 


The Japanese Government has adopted as 
standard, direct-current, 1500 volts, and all 


of its electrified railroads will eventually be 
operated on that basis. Some of the energy 
comes from Government-owned plants and 
some from private plants. The two main reas- 
ons for the comprehensive electrification pro- 
gram being carried out in Japan are the 
shortage of coal and the congestion of traffic 
over the narrow-gauge railroads. An inter- 
esting feature in connection with the power 
supply lies in the fact that at one of the 
power plants the turbine facilities may be 
operated for an output of either 50 cycles or 
60 cycles. If 50-cycle output is desired, the 
speed is 250 r.p.m., while for 60 cycles, it 
is 300 r.p.m. 


APPENDIX B. 


Mileage of track electrified or in process of electrification at various nominal voltages in the 
territory covered in this report. Data summarized from reports of National Electric Light. 
Association, Committee on Steam Railway Electrification, U. S. A. 


Direct current 
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Mexico 19 me 
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APPENDIX C. 


Report of the Committee 
on main line railway electrification, 
Great Britain. 


One of the most notable studies of the eco- 
nomies of railway electrification on a large 
scale in recent years has been that issued by 
the Committee on Main Line Railway Electri- 
fication of Great Britain under the Chairman- 
ship of the Right Hon. Lord Weir of Eastwood. 
The study has been painstakingly made and is 
exceedingly comprehensive, although some ex- 
ceptions, as might be excepted, have been taken 
to its conclusions. The Committee’s assign- 
ment made definite mention of the « progress 
which is being made towards wide-spread 
availability of high tension electrical energy » 
in Great Britain. The study is thus based 
upon close coordination between the national 
scheme of generation of electrical energy and 
the railroads. Indeed one of the important 
items held to justify general electrification 
in the British Isles is the favorable reaction 
of the addition of the coordinated railroad 
load upon commercial power costs. 

Opportunity is taken to present a few sa- 
lient quotations from the summary of the re- 
port which it is felt are of interest : 

« The main reasons which have led to the 
adoption of electric haulage in foreign coun- 
tries, broadly speaking, do not apply in this 
country, and they have not offered any con- 
elusive guide or assistance in our investiga- 
tions. 

« British railway electrification up to now 
has been confined to suburban lines, and the 
results, economie and otherwise, have been 
favourable. 

« The economic success of British suburban 
electrification is: due to the substantial in- 
crease in revenue following on the much im- 
proved service which an electrified railway 
can provide. 

« Suburban electrification provides no sound 
comparison of actual operating costs of steam 
and electric haulage, but it does present cer- 


tain prima facie considerations in favour of 
electric haulage for main lines. 

« The increased load on the national sys- 
tem to which electrification of the railways 
would contribute, together with its high load 
factor. would react most favourably on the 
cost of the electrical energy produced for all 
purposes, which the additional transmission 
network required for railway electrification 
would do much to accelerate rural electrific- 
ation throughout the country. 

« In the event of a scheme of main line elec- 
trification being adopted, the Central Elec- 
tricity Board should be given statutory pow- 


. er to supply electrical energy direct to the 


railways for electrification schemes. In add- 
ition to this, railway companies should he 
entitled to utilize, for purely railway pur- 
poses, at any point in their systems, sup- 
plies of electrical energy obtained from the 
Board and any other authorized undertakers. 

« In any comprehensive scheme of rail- 
way electrification the Central Electricity 
Board should provide the transmission line, 
build and equip the sub-stations, and supply 
the ‘energy at the direct-current bus bars 
of the sub-stations, but the operation and con- 
trol of the sub-stations should be in the 
hands of the railway companies. 

« Improvements in the fuel economy of 
steam tractors will take place, but such eco- 
nomy is likely to be counterbalanced by higher 
capital costs and maintenance charges. 

« In considering altetnatives to the steam 
locomotive preference should be given to sys- 
tems using coal rather than oil as being in the 
national interest. 

« Apart from the direct financial economies 
of electrification as disclosed in comparative 
costs of operation, electrification offers im- 
portant indirect advantages associated with 
speed, comfort, amenity, improved service, 
and increase of capacity. 

« Leaving aside the financial aspects of the 
matter, the disadvantages of electrification 
relate almost entirely to the dependence of 
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the system on centraliséd sources of electrical 
energy. 

« The main items of haulage cost which 
can be materially reduced by electrification 
are locomotive wages and locomotive repairs. 

« Unless special conditions obtain, the elec- 

trification of small sections of a main line 
railway system is unlikely to be economically 
justified on account of the costs of dual work- 
ing, and the consequent inability to take the 
fullest advantage of the new capital expended 
on fixed equipment or haulage units. 
« To secure the fullest economic advantage 
of railway electrification in this country, any 
scheme adopted should be a comprehensive 
one preferably comprising all the non-electrif- 
ied lines, less such branch lines as detailed 
examination may show to be more econom- 
ically operated by independent haulage units 
either steam or oil-electric. 

« Assuming that such a scheme is earried 
out on a comprehensive programme over a 
period of from 15 to 20 years, on a conserv- 
ative basis and on the assumption of existing 
traffic, the new capital involved on the part 
of the Railways would be approximately 
£ 261:000.000, and the return on this through 
the various economies would represent about 
7 per cent. 

« Apart from the direct return due to these 
economies other substantial advantages could 
he realised, the most important being increased 


revenue from suburban and interurban traffic. 
On a broad estimate we anticipate that schem- 
es of intensifying suburban working would 
yield an additional revenue of £5850 000 re- 
presenting a return of 13 per cent, on the 
additional capital expenditure of £ 45.000 000: 
which would be involved. 

« In addition to the expenditure under 
this programme, there would be a further 
expenditure by the Central Electricity Board 
and authorized undertakers of approximately 
£ 80 000.000 in excess of existing programmes, 
on which these bodies would earn their nor- 
mal revenue. 

« The change over from steam to electric 
traction will not materially affect the condi- 
tions of railway employees other than those 
in the locomotive grades. Even in the case . 
of these grades we anticipate the adverse ef- 
fect of the change will be of a limited and 
temporary character owing to the duration 
of the programme, together with the probable 
increase in suburban and other train mileage. 
The matter, however, is one which should be 
more closely examined if it should be decided 
to proceed with the scheme. 

« From the point of view of technical devel- 
opment and international competition the 
value of such a programme of domestic elec- 
trification would be most substantial to our 
national electric manufacturing industry. » 


| 621. 132.8 & 628 616 ] 


INTERNATIONAL RAILWAY CONGRESS ASSOCIATION 


12 SESSION (CAIRO, 1933) 


QUESTION XIII : 


Use of rail motor cars on secondary railway lines. 


REPORT No. 4 


(Great Britain, Dominions and Colonies, United States of America, 
China and Japan), 


by A. D. J. FORSTER, 


Assistant Commissioner, New South Wales Government Railways, Sydney. iu 


-In order to obtain information on 
which to base a report on this question, 
a questionnaire was circulated to the 
directorates of railways in the British 
Empire, United States and Japan. Twen- 
ty-six replies were received, of which 
ten were from the British Empire, four- 
teen from the United States and two from 
other countries. A modified copy of the 
questionnaire together with a summary 
of the replies received, is appended to 
this report. 

As will be seen, the questionnaire was 
divided into five broad sections, cover- 
ing: 1. Organisation, 2. Particulars of 
cars, 3. Technical features, 4. Technical 
and economic results and 5, General ob- 
servations, and for convenience this re- 
port will deal with the matter under the 
same headings. 


PART 1. — Organisation. 


Track gauge. —- Of the railways report- 
ing, one is of 1.676 m. (5 ft. 6 in.) gauge, 
17 of 1.435 m. (4 ft. 8 1/2 in.) gauge, 8 
of 1.067 m. (3 ft. 6 in.) gauge and one of 
1m. (3 ft. 3 3/8 in.) gauge. A few of 
the systems operate more than one gauge. 


Iv—11 


Temperature. — As was to be expected, 
India experiences the highest maximum 
and’ also the highest mean daily summer 
temperature. On the other hand, win- 
ter temperatures in the territory of the 
East Indian Railway, whilst not reaching 
extremes, are quite low, so that the range 
between mean daily temperatures in the 
summer and winter is great. 

Extremes of winter temperature are 
met with in North America, particular- 
ly in the northerly portion. It is im- 
portant to keep these differences of cli- 
mate in mind, for they must indubitably 
have an influence on structural features 
of the cars and possibly on operating 
methods also. 


Topographical features, — On the 
whole, it cannot be said that gradients 
on the sections operated by rail motors 
are severe. With some notable excep- 
tions grades in excess of 2 % are short, 
usually from one quarter to one half 
mile. The principal exceptions are : 

United States 6.4 miles of 3.3 % grade 
on the Chesapeake and Ohio R, R.; 9.2 
miles of 2.75 % grade on the Baltimore 
and Ohio R. R.; 10.6 miles on an average 
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grade of 2.3 % on the Great Northern 
R. R., and 10.7 miles of 2.2 % grade on 
the Northern Pacific R. R. 

Canada: 3 miles of 2 % grade on the 
Canadian National Railways. 

Africa : 4.2 miles on an average grade 
of 2.1 % on the South African Railways. 

Australia: 3 miles of 2.5 % grade on 
the Tasmanian Government Railways and 
8.4 miles of 2.2 % grade on the New 
South Wales Government Railways. 

Curves, on the other hand, are surpri- 
singly sharp, particularly on the stan- 
dard gauge tracks in North America. It 
is true that a number of these sharp cur- 
ves occur within yard limits or at junc- 
tion points, yet numerous examples 
occur on main lines, the sharpest being 
curves of 249 ft. radius 
Canadian National Railways. 


Character of services. — Whilst it is 
probably true that the majority of sery- 
ices run by rail motor are of a local 
character, there is a tendency, particu- 
larly noticeable on those systems oper- 
ating numerous cars, for the length of 
individual runs to be extended, and sey- 
eral instances are quoted of runs of 
300 miles and over being operated by 
rail motors, On these long runs the 
stops are relatively few, the distance 
between stops usually exceeding 6 mi- 
les, but the schedule speed seldom 
exceeds 30 miles per hour. 

With reference to schedule speeds, it 
is noticeable that the average schedule 
speed is consistently of the order of 25 
m. p. h. and this figure may be taken as 
a universal standard. 


General considerations. — Whilst not 
general, it is common practice to in- 
form the public, per medium of the time 
tables, which trips are operated by rail 
motors. No instance is definitely record- 
ed where bookings by these trips are 
restricted to the accommodation avail- 
able, but, where the traffic offering is 
beyond the capacity of the rail motor 


(23°) on the 


and trailers, it is customary to use a 
steam train in lieu. 

With the exception of purely local sery- 
ices, rail motors are subject to pre- 
determined connections with other 
trains and in this regard are treated in 
exactly the same manner as the steam ~ 
services which they have superseded. 
Very few instances of interpolated trips 
are given, rail motors having in most 
cases superseded steam trains and gen- 
rally steam passenger trains. In those 
cases where mixed trains have been 
displaced it is usual for steam mileage 
to be reduced, as generally an occasion- 
al freight or mixed train is sufficient 
to handle the freight business. Express 
freight and livestock traffic has not 
been affected. 

The principal reason for the adoption 
of rail motors has been the economic 
advantage, and the same reason is in- 
fluencing consideration of the extended 
use of these cars on main lines, though 
the desire to improve facilities and to 
counter road competition is also being 
given weight. Motor cars have been 
used to a very minor extent on main 
line services preceding or following ex- 
press passenger trains for the purpose 
of reducing the number of stops to be 
made by the latter. Instances are given 
of the use of rail motors on experimen- 
tal service, in most cases with unsatis- 
factory results. 

It is not customary to restrict rail 
motors to services which do not operate 
on Sundays. Naturally, however, many 
services are of this character and ad- 
vantage is usually taken of any days 
out of service for carrying out mainten- 
ance work. The provision of spare 
cars to replace motors withdrawn either 
for running repairs or for general over- 
haul is not general; the reason for this 
is probably the facility with which a 
steam train can be provided. 

In North America the use of single 
ended cars is practically universal, ne- 
cessitating turning of the cars at terminal 
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points. This feature is rather sur- 
prising in view of the predominance of 
electric transmission, which renders the 
provision of duplicate controls a relati- 
vely simple matter. A tendency is ap- 
parent, however, towards the provision 
of double end control in modern con- 
struction. The reason for the adoption 
of the single end car in America cannot 
be assigned. Elsewhere double ended 
cars are the rule. In no case is provi- 
sion made for multiple unit control. 

Maintenance of rail motors is usually 
carried out in locomotive sheds, though 
in some cases the rail motor portion is 
partitioned off. Where a considerable 
number of cars is operated it is usual 
to employ a special, or specially trained 
staff for maintenance work. The same 
observation can be’ made regarding the 
employment, or otherwise, of special 
supervising officers, it being found ne- 
cessary or advisable to do so whenever 
several motor cars are in use, 

Joint control of the operating staff by 
the mechanical and transportation de- 
‘pariments is less common than complete 
control by the latter section. The prac- 
‘tice in this matter is probably that rul- 
ing in steam operation and has no espe- 
cial significance. Locomotive engineers 
are generally utilised as drivers, though 
one road reporting employs mechanics 
for driving and maintenance. Conduc- 
tors, brakemen, etc., are also employed, 
but no general rule is observable for 
fixing the numbers. It may be stated, 
however, that steam driven rail motors 
require the provision of a fireman in 
addition to the driver, whereas other 
types of car are satisfactorily operated 
with a driver alone. 

Methods of clearing the track in the 
event of a failure en route follow steam 
practice. In one-or two cases portable 
telephones are carried to facilitate com- 
.munication in the event of assistance 
being required. 

The supply of spare parts is governed 
by the facility with which replacements 


may be obtained from the manufacturers. 
In North America complete engines are 
not usually kept, and the stock of spare 
parts is at a minimum. In Australia, 
however, and other parts of the British 
Empire more extensive provision must 
be made on account of the time which 
must necessarily elapse owing to the 
need for importation. 


PART 2. — Particulars of cars. 


In dealing with this section it will 
obviously be impracticable in view of 
the multitude of types to list particulars 
of all cars in operation. As the object 
of this enquiry is to obtain information 
on latest developments all that will be 
attempted is to comment on the latest 
types of construction. Similarly, the 
attached summary of replies will only 
deal with the newest vehicle for each of 
the railways reporting. This will in- 
volve some slight departure from the 
form of questionnaire actually circulated, 
but the variation is not serious. 


Types of car. — Consideration of this 
summary at once discloses certain pro- 
nounced tendencies. Firstly, in ‘North 
America, petrol = (or oil) electric cars 
may be said to be standard for more 
recent construction; elsewhere steam 
cars are more common. Secondly, in 
North America engines of 200 H, P. and 
over are general, with a pronounced 
trend towards dual unit sets of a total 
horse power of 400 to 600. Elsewhere. - 
engines of 100 H. P. are the rule. Third- 
ly, in North America cars are becoming 
standardized with a body length between 
70 feet and 75 feet, with a leaning tow- 
ards all-steel construction, the corres- 
ponding light weight varying from 100 000 
lb. for single engined composite con- 
struction cars, to 160000 Ib. for twin 
engined all-steel construction cars. 
Elsewhere the usual body length is 
around 50 feet (excepting articulated 
ears), the light weight varying from 
30000 Ib. to 65 000 Ib. 
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The reasons for these differences can 
be deduced to a degree. In the first 
place, cost and availability of fuel must 
have an important bearing in deter- 
. mining the type and. power of the prime 
mover. Secondly, the volume of busi- 
ness, the type of passenger and the class 
of accommodation provided by other rail 
and road transport must influence the 
size and weight of the car, and conse- 
quently the engine power. As pointed 
out previously there are no pronounced 
differences in the physical characteris- 
tics of the terrain served. 


Other features. — There are certain 
features, largely consequential on the 
tendencies above noticed, which are de- 
serving of mention. The number of driv- 
en axles is dependent on the power 
available, being frequently one with en- 
gines of 100 H. P., and always two with 
engines up to 300 H. P., and four with 
engines of 400 H. P. and over. 

Furthermore, the amount of passenger 
accommodation provided in the motor 
cars decreases as the power increases, 
and many cases are quoted where the 
whole of the accommodation on the motor 
car is allotted for the carriage of baggage 
and mails. The baggage space in the 
high powered cars is invariably located 
next to the engine compartment. It is 
apparent that the noise and vibration 
inseparable from the operation of the 


prime movers must seriously affect the - 


comfort of passengers. The Canadian 
National Railways have adopted articu- 
lated construction for their 8-cylinder 
engined car, thereby, no doubt, largely 
improving matters from the point of 
view of passenger comfort. 

Power brakes are general, being usual- 
ly vacuum operated on steam cars, and 
air pressure operated on other types. 
With few exceptions brakes are provided 
on all wheels, the percentage of brake 
power averaging 90 % of the light weight 
of the car. 


Heating facilities are provided on™ 


North American railways and in Japan 
and Korea, the system adopted being hot 
water from a separate heater in America 
and jacket water or exhaust heating in 
the other places mentioned. 

Electric lighting, supplemented with 
oil marker lights in some cases, is stan- 
dard, power being provided from the 
exciter or a separate unit on cars with 
electric transmission, and from an axle 
driven generator in other cases. 

Standard couplers and draft gear are 
not usually fitted, though generally the 
couplers are of standard contour and will 
couple up with the regular standard. 

In only a few cases is any limitation 
placed on the weight of rail motors by 
the condition of the track. Even in 
those cases where the axle load is limited 
to 10 to 13 tons (22 400 Ib. to 29 120 Ib.) 
the limitation cannot be as serious for 
a rail car as it would be for a steam 
locomotive. 


PART 3. — Technical. 


In preparing the summary of replies 
to this section it has been found neces- 
sary to deal only with those cars refer- 
red to in the summary of Part 2, 


Boilers. — All the steam cars listed 
are either Sentinel-Cammell or Clayton 
cars, and the equipment is standard for 
the firms concerned. As information 
thereon is readily available no detailed 
description will be attempted in this re- 
port. In all cases quoted the boilers 
are coal-fired. 


Prime movers. — Steam engines are 
single-acting reversible engines, either 
of two or six cylinders, using medium 
pressure (300 lb. sq. in.) superheated 
steam. >» 

_Internal combustion engines are of 
two types, spark ignition and compres- 
sion ignition, the former predominating. 
In construction they are quite conven- 
tional, the spark ignition -type being 
6-cylinder engines fitted with dual igni- 
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tion for powers of 100 H. P. and up- 
wards, and having an operating speed 
generally about 1200 r. p. m. Fuel is 
either gasoline (petrol) with a distilla- 
tion range usually between 100° F. and 
400° F. though in the case of the South- 
ern Pacific Railroad provision was made 
in the purchase specification that the 
engines should run on distillate if re- 
quired, and this type of fuel is apparent- 
ly largely used by this company. 

Two examples of compression-ignition 
engines are listed in the summary, oper- 
ated by the Canadian National Railways 
and the Great Northern Railroad. The 
former company has many cars of this 
type with either 4-cylinder, 6-cylinder or 
8-cylinder engines. It is the 8-cylinder 
cars that are listed, though the features 
of the engines are in general common 
to the 4 and 6-cylinder engines also. The 
Great Northern Railroad uses a 6-cylin- 
der. engine, as does also the Reading 
Company, which company operates two 
oil-electric vehicles, particulars of 
which are not featured in the summary. 
Solid injection is used in the compres- 
sion-ignition engines, the fuel oil having 
a gravity of about 0.88, with a distilla- 
tion range starting at about 400° F. The 
operating speed is 700 to 800 r. p. m. 

Lubrication is provided in all cases 
by pressure feed to the enclosed crank 
shafts, etc., and in the case of the steam 
engines the cylinders are lubricated 
through hydrostatic lubricators. 

Fuel and oil strainers are common 
though not general, but air cleaners are 
the exception rather -than the rule. 


Transmission— Mechanical.— Clutches 
are predominantly of the multiple disc, 
dry plate type. Gear boxes are in gen- 
eral of the sliding gear type with four 
forward speeds, and no reverse, the re- 
verse arrangements being associated 
with the final drive. An exception must 
be noted in the case of the South African 
Railways. These cars are fitted with 
two standard motor car engines and gear 


boxes (3 speeds forward and reverse), 
each engine having an independent 
transmission as far as a lay shaft, The 
two lay shafts drive the car axle through 
silent chains. Each engine is indepen- 
dently controlled, and reverse running 
is only used in shunting movements. 

Control arrangements in the case of 
other mechanical drive cars is by means 
of the usual clutch and acceleration pe- 
dals and gate change gear lever and a 
separate reversing lever for the final 
drive, the controls being operable from 
either end of the car. 


Generators. — Electric transmission. 
— Generators are directly connected to 
the prime mover, frequently through a 
flexible coupling. Voltage ranges from 
500 to 700, the current rating of the 
generator of course depending on the 
engine power. Generator field winding 
may be shunt or compound wound, but 
the field is always separately excited. 
Whilst in many cases the exciter is driven 
by the main engine, a pronounced ten- 
dency is apparent to provide an exciter 
driven by a separate prime mover. There 
is much to be said in favour of this devel- 
opment. Batteries are usually charged 
from the exciter, naturally when the gen- 
erator is not delivering power. With a 
separate unit, therefore, the main engine 
can be shut down, when the car is stand- 
ing by, whilst battery charging is pro- 
ceeding normally from the exciter unit. 
Furthermore, the demand on the battery 
is much reduced in starting the main 
engine (which is frequently done elec- 
trically through the generator) and for 
driving auxiliaries such as fans and 
brake compressor. 


Motors. — Motors follow normal rail- 
way practice, being of the axle-hung, 
nose-suspended type with spur or helical 
gears. Common gear ratios are 57: 18 
and 52; 19. 


Control. — Apart from motor connec- 
tion alteration, control is by variation 
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of generator voltage, usually arranged 
as a combination of engine speed and 
excitation variation; rheostats are not 
required for the main circuit. There 
are two main methods of controlling the 
excitation; in one the exciter is differ- 
entially wound so that the main current 
reduces -exciter voltage, and therefore 
main generator voltage, as the load in- 
creases; the other, known as torque con- 
trol, in one form consists of a small d, c. 
motor the field of which is connected 
in series with the exciter field, whilst 
the armature is shunted across the com- 
mutating field winding of the main gen- 
erator. The armature only moves suf- 
ficiently to open or close contacts, there- 
by varying the generator field accord- 
ing to load variations. 
either system of control is to prevent 
overloading the prime mover, and the 
car is entirely managed through the en- 
gine throttle. Other different systems of 
control are likewise in use. 


Auziliaries. — Engine starting on gas 
electric vehicles is frequently managed 
by arranging to use either the main gen- 
erator or exciter as a motor. This is 
supplemented in some cases by air star- 
ters or by starter motors. On gas me- 
chanical vehicles starter motors, supple- 
mented by hand starting, are the rule. 
Steam engines, of course, need no spe- 
cial starting arrangements. 

Lighting is provided from batteries 
charged either from the electrical system 
in cars with electric transmission, or 
from axle driven dynamos in mechanical 
and steam cars, 

Compressed air for brakes is supplied 
by motor-driven compressors on gas- 
electric cars and by engine driven com- 
pressors on gas-mechanical cars, which 
steam vehicles usually adopt vacuum 
braking, vacuum being maintained by 
steam ejector. 


Fuel supplies. — The quantity of fuel 
carried on the cars varies widely; steam 
ears carry sufficient for 100 to 150 miles, 


The object of — 


but internal combustion engine cars have 
a radius of action varying from 200 to 
as much as 800 miles. 

Information was sought as to methods 
adopted for supplying fuel to cars, but 
the question was apparently not under- 
stood as few replies were received. The 
Canadian National Railways supply fuel 
oil in barrels from which it is pumped 
by hand pump (located on the car) to~ 
the car tanks. Elsewhere it can be 
assumed that fuel is supplied by ground 
pumps from underground tanks. Liquid 
fuel is supplied only at depots or ter- 
minal points, en route supplies not being 
required. Coal is supplied from the 
usual locomotive facilities, 


Safety precautions. — Chemical extin- 
guishers are standard equipment, the 
number and capacity varying somewhat. 
The usual type is the tetrachloride ex- 
tinguisher, but foamite and carbon dio- 
xide are also used. 

No other special arrangements are 
customary; in South Africa and New 
South Wales portable telephones are car- 
ried to facilitate communication in 
emergencies, and the latter system like- 
wise carries a manual tricycle for the 
same purpose. 


PART 4. — Technical and economical 


results. 


In the summary dealing with this sec- 
tion an attempt is made to present a 
picture for the services as a whole and 
not for particular types of car. This 
principle is departed from in certain 
cases, however, where useful compari- 
sons may be drawn between different 
types of cars operated by a particular 
railway system. 

One other point should be mentioned; 
discrepancies are apparent in certain 
cases in the replies given to questions 
2 and 3, Part IV, and similar information 
deduced from the data suplied in con- 
nection with Part I. These discrepan- 
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cies are probably due to slight differ- 
ences in the methods adopted in de- 
ducing results. Thus, in. estimating 
schedule speeds from time tables sup- 
plied, your reporter has in all cases in- 
eluded time taken in ordinary station 
stops, but has excluded waiting time. 
Others may have reckoned schedule 
speeds from running times only, exclud- 
ing both stopping time and waiting time. 

A few further words of explanation 
regarding this summary should be made. 
In the replies to Question 2, total run- 
ning cost per rail motor mile, interest 
charges have been subtracted whenever 
it was known that they had originally 
been included and when the amount was 
known, but it is possible that interest 
charges are still included in some of the 
figures quoted in the summary. 

No attempt has been made to convert 
dollar (American) currency into ster- 
ling, as it was considered that this was 
sufficiently familiar to all to render the 
eonversion unnecessary. Other less fa- 
“miliar currencies have been converted, 
the rates used being quoted in the sum- 
mary itself. Weights, measures and 
lengths have in all cases been converted 
to British standards. 


Services. — The type of service is pre- 
dominantly branch line, followed in or- 
der of importance by main line services. 
As mentioned previously schedule speeds 
are fairly uniform, ranging round 25 m. 
p. h., but average daily mileages vary 
rather widely. 


Fuel consumption. — For internal 
combustion engines the performance na- 
turally varies with the type of car. With 
mechanical transmission the extreme 
range is from 2.76 to 10 miles per gallon 
(Imperial), with by far the greater num- 
ber between the limits of 5 and 8 miles 
per gallon. All these cars use petrol 
(gasoline). With electric transmission, 
ears using petrol (gasoline) give figures 
varying from 1.16 to 2.88 miles per gal- 
lon (Imperial), the greater number giv- 


ing from 1.8 to 2.0 miles per gallon. Oil 
fuel figures vary from 2.0 to 4.2 miles 
per gallon (Imperial). The highest 
figure in this case is for the 4-cylinder 
engined cars of the Canadian National 
Railways, but the average for all oil- 
electric cars on this railway would pro- 
bably be about 3.5 miles per gallon. 

' Lubricating oil consumption figures 
vary very widely, but it is not too much 
to say that a figure of 100 miles per gal- 
lon (Imperial) should be realisable. It 
is possible that the wide variation 
shown may be due to the inclusion in 
some cases of car oil with engine oil 
when catculating the consumption. 


Prices of fuel, — The variation in 
price of gasoline (petrol) is surprising. 
In North America where some degree of 
uniformity might have been expected 
prices vary from 6.6 to 16.6 cents in the 
United States, to 20.5 cents in Canada, 
in each case the Imperial gallon being 
the unit. In the other countries report- 
ing the range is between 8.5 d. (17 cents) 
and 24 d. (48 cents) the highest prices 
being paid in Australia. 

Fuel oil prices, on the other hand, are 
fairly uniform, ranging from 4.56 to 
5.8 cents per Imperial gallon. 

Coal prices are difficult to compare 
owing to quality variations. Unfortu- 
nately, information regarding calorific 
value was not supplied in most cases, 
so that it is not possible to make a com- 
parison on the basis of British thermal 
units. 

Lubricating oil does not exhibit the 
wide variation noted above for petrol, 
and suitable oil may be obtained in any 
part of the world at prices between 60 
and 80 cents (2 sh. 6 d. and 3 sh. 4 d.). 
In two cases the price quoted for oil is 
so low that it is assumed some mistake 
has been made. 


Labour rates and conditions. — In 
North America the standard rates for 
drivers vary between $ 6.60 and $ 7.50, 
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this rate usually being paid for a turn of 
100 miles or less, mileages over 100 being 
paid for pro rata. Conductors are paid 
from §$ 6.70 to $ 7.50 usually for 150 
miles or less. Baggagemen and brake- 
men usually receive about 75 % of con- 
ductors rates. Mechanics uniformly re- 
ceive $ 6.48 per day of eight hours. _ 

In Australia and New Zealand drivers 
receive between 17 and 21 sh. per day, 
guards between 13 and 18 sh. per day 
and mechanics 15 sh, 6 d. and 19 sh. 6 d. 
per day. Hours are usually 48 per week, 
but in New South Wales are 44 per week, 
the running staff working these hours 
in six days and the shop staff in five 
days. 

On the South African Railways the 
rates are closely similar to those quoted 


about for Australia, but elsewhere in’ 


Africa and the East the rates are so ex- 
tremely variable that no useful compar- 
ison can be drawn. 


Capital costs. — No useful purpose 
would be served by attempting to com- 
pare cost prices of the cars. The most 
that need be said in this connection is 
that petrol-mechanical cars are in gen- 
eral the cheapest with steam vehicles 
slightly dearer. Petrol-electric cars are 
much more expensive and oil-electric 
the dearest of all, the difference between 
these last two types being of the order of 
12. %. 

Depreciation may be reckoned either 
at an inclusive rate on the whole equip- 
ment or at different rates.on the machi- 
nery and the car body. In the former 
case the rates allowed vary between 
3 1/2 % and 12 %; in the latter case 
rates as high as 20 % are allowed on the 
machinery, a more usual figure being 
10 %, whilst on the car body the allow- 
ance is between 3 % and 5 %. 


Operating costs. — The figures given 
in this connection form interesting read- 
ing. Probably the most useful method 
of dealing with the figures is to consider 


the distribution of costs on a percentage 
basis, rather than on a monetary basis. 
This method gives for North America : 
fuel 15.2 %, stores 6.3 %, crew’s wages 
49.1 % and repairs 29.4 %. For the 
remaining reporting systems the results 
are: fuel 31.2 %, stores 1.6 %, crew’s 
wages 36.1 % and repairs 31.1 %. The 
figures quoted for operating cost are in 
general derived from a year’s operation 
after a number of years’ experience. 


It is the usual custom to charge over- 
haul costs as they accrue and not to 
make an allowance per mile, based on 
experience, to cover this item. 

The cost of special superintendence is 
usually included in general superinten- 
dence, and is not charged against rail 
motor operation. 


Total cost and revenue. — Total costs 
per rail motor mile range between 23 
and 79 cents; the latter figure is the total 
cost for the two large oil electric cars of 
the Canadian National Railways, the re- _ 
maining cars costing very considerably 
less. On the majority of systems, how- 
ever, total costs fall between 35 and 
50 cents. 


Many systems do not separate rail mo- 
tor revenue from general revenue. 
Where figures are available it is worthy 
of note that the revenue is seldom suf- 
ficient to cover the total costs of the rail 
motors, and this fact is a striking com- 
mentary on the reason for the adoption 
and extension of rail motor services, 
namely the desire for economy. 


Costs : Rail motor versus steam. — It 
is possible to get a direct comparison 
of rail motor costs and costs of the dis- 
placed steam service in only a few cases. 
In North America the ratio of costs in 
the four cases in which the comparison 
can be made is so uniform that it may 
be taken as typical for the rest of this 
continent; the average figure for these 
four cases is 0.44, and an almost identi- 
cal figure is obtained for the New South 
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Wales Railways. 
are given below : 


The individual ratios 


Ratio-Rail 

Name of railways. ‘Heath Ge me 
Baltimore and Ohio . 0.43 
Great Northern. ; 0.40 
Missouri, Kansas, Texas 0.50 
Reading Company. : 0.44 
Federated Malay States . 0.58 
East Indian . : 0.90 
New Zealand Eayeriment - 0.66 
New South Wales Government : 0.43 


PART 5. — General observations. 


Generally speaking, satisfaction is 
expressed with present equipment. Na- 
turally when rail motors were first intro- 
duced, mistakes were made in many 
directions, but. «development has been ra- 
pid and service requirements are now 
better understood. It is not suggested 
that finality has been reached; indeed a 
glance at the summary of replies will 
quickly dispel any such idea. The prin- 
cipal disability to date has been lack of 
power. 

Substituted steam trains are used on 
occasions, either on account of heavy 
loading due to holidays or special events, 
or at peak loading periods on suburban 
services, or to release the motor car for 
hecessary repairs. The influence of 
limited power is evident in this connec- 
tion, though it must not be overlooked 
that with steam facilities available, the 
provision of more or more powerful rail 
motors may not be economically justi- 
fiable merely to meet occasional de- 
mands. 

In North: America one class only is 
the rule, but elsewhere two classes are 
provided. No change is contemplated 
_in this connection, and indeed in those 
countries where a mixed European and 
native population has to be catered for, 
it is difficult to see how the provision 
of two classes could be avoided. 

Difficulties with maintenance have 
been of a minor nature, at all events with 


modern cars and trained staff. It seems 
to be essential, if trouble is to be avoid- 
ed, to keep rail motor cars away from 
the fumes from locomotives in the sheds. 


Reasons for adoption. — Rail motor 
operation was adopted preeminently by 
reason of the need for economy in face 
of falling business. Searching further 
for the cause of the decline in business 
it is found in the rapid extension of 
road motor competition. It is apparent 
that rail motor operation has justified 
itself in regard to reduction of operating 
costs, but it is open to question whether it 
has succeeded in attracting lost business 
back to the railways. Responsible au- 
thorities consider that its possibilities 
in that direction have not been exhaus- 
ted, and this angle of the question is 
obviously engaging their attention when 
considering extension of services, 

Economy per se is not the yardstick 
which is being used at the present, but 
the advantages to be reaped by impro- 
ving services at reasonable cost. Al- 
though very few motors are at present 


‘under construction the reason is defini- 


tely financial stringency, and not lack of 
confidence on the part of the operators. 


Probable trend of development. — 
Apart from four systems who definitely 
report against the extension of rail mo- 
tor service, there is a striking unanimity 
in the opinion expressed that develop- 
ment will be in the direction of train 
operation. A corollary of this is, of 
course, the provision of more powerful 
cars, and this would seem to call for. 
the.adoption of electric transmission. . 

Mention was made when dealing with 
Part 2 of the evident tendency towards 
removing passengers from the vicinity 
of the engine compartment; it is only 
a step from this to making the motor 
car a power unit only, and indeed this 
step would seem to be a necessary con- 
sequence of the development of higher 
powers. A further step, and one which 
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has already been taken, is to make the 
power unit into a mobile power house 
supplying energy to the other vehicles 
on the train. This arrangement has ob- 
vious advantages over locomotive opera- 
tion as regards adhesion, track stresses 
and the like, but it has equally obvious 
disadvantages, not the least of which is 
the matter of cost, and it is as yet too 
early to say whether the experiment will 
succeed or be doomed to extinction. 


Granted, then, that more powerful cars 
will appear, and that electrical transmis- 
sion will be used, it remains to consider 
the type of prime mover that will be 
adopted. As regards steam, a little con- 
sideration will show that the trend out- 
lined above, when applied to steam oper- 
ation, leads back directly to the steam 
locomotive. 
the internal combustion engine, the 
choice lies between the spark ignition 
type and the compression ignition en- 
gine type. The Canadian National Rail- 
ways declare in favour of the latter type, 
quoting sound reasons in support, and 
have certainly backed their opinion in 
practice. 
railways have not shown the same incli- 


Coming back, therefore, to ~ 


On the other hand American® 


nation to favour this type of engine, the 
underlying reason probably being, as 
stated by the Great Northern Railroad, 
that petrol prices during the last couple 
of years in the United States were so 
favourable as to afford no justification 
for the higher capital expenditure in- ~ 
volved in the purchase of compression- 
ignition engines. There can be no doubt 
that weight, cost and lack of experience 
have militated against the extended use 
of this type. It must be left to the future 
to show whether advances in design and 
manufacturing methods and materials 
can overcome these handicaps, and whe- 
ther the price advantage possessed by 
fuel oil will be Maintained. 


In conclusion, I desire to record my 


_ appreciation to the various Railway Ad- 


ministrations for the great amount of 
work each has done in preparing the 
mass of information submitted to enable 
the preparation of this paper; also, I 
desire to express my thanks to Mr. E. E. 
Lucy, Chief Mechanical Engineer of the 
New South Wales Government Railways, 
and to Mr. R. A. Holloway, of his staff, 
for the assistance rendered in the prepa- 
ration of the report. 
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(R.M.) subject to predetermined connec- 
tions with other trains, or are they exclu- 
sively local in character, independent of 
any connection ? 


. Is your programme for use of R.M. cars on 


secondary lines limited to certain extra 
services interpolated between pre-existing 
services worked by steam locomotives ? 


* Light weights only. 


50 %. Others exclusively 
local. 


Replace steam. 


NII—4 2 
PART I. — 
1. Name of railway . Baltimore and Ohio. Boston and Maine. 
Gauge . , 4 81/2”. 4 81/2’. 
1 2 3 
2. Temperature conditions of country : 
a) Max. Summer temperature 106° F. 105° F. 
b) Min. Winter temperature. Ss Sag 21 0-H 4028, 
c) Mean Summer temperature for one day. (1oee 85° F. 
d) Mean Winter temperature for one day. 28° F 25° F. 
3. a) Number of services. 18 21 
b) Shortest rum — miles. 6 1.5 
c) Longest run — miles . 154 86.5 
d) Total daily mileage -— all cars . 3 453 2 827 
e) Average daily mileage per car. 181 118 
4. a) Average distance between stops, miles. 3.2 2.4 
b) Steepest grade % 2.75 % (9.2 miles). 2.49 % (800 ft.). 
c) Longest grade — miles . 13.7 (1.42 % av.). 3.0 (1.2 % av.). 
d) Sharpest curve — feet radius . se 318 
e) Average speed — m.p.h. 26.0 24.9 
( Min. 20 150 29 000* 
5. Weight of rail motor (R.M.) — 1b.) Max. 162 200 112 000 
| “Aver. 97 380 83 500 
Min. 52 500 39 800 
Weight of trailer — lb. Max. 98 500 71 900 
Aver. 80 600 58 000 
Average weight of train — Ib. 173 740 130 500 
Maximum weight of train — lb. 359 200 168 300 
6. From the point of view of passenger trans- Yes. No. 
port conditions, do you notify the public 
which are the runs provided for in the 
time-table, and effected by means of rail 
motor cars ? 
Are they considered as trains having limited 
seating accommodation ? 
In the contrary case, what steps are taken to Relief car. Steam train. 
deal with an unusual rush of passengers ? 
7. Are the jowrneys operated by rail motor cars 


Yes. 


Replace steam. 


rganisation. 
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4 81/2”. 4 81/2”. 4’ 81/2”. 4 81/2”. 
4 5 6 7 
98° F 108° F. 110° F. 980 F 
20° F 20 F 200 F. 280 F 
85° F 80° F. 67.40 F. 90° F 
40° F 30° F. 27.70 F. 380 F 
1 9 30 2 
16.5 6.6 8 44.2 
ie 270.8 305 61.5 
99 1572 8 348 211.4 
99 157 239 106 
eae 4.2 5.9 4.4 
1.54 % (800 ft.). 3.3 % (6.4 miles). 3.0% (3 160 ft.). 1.34 % (1900 ft.). 
0.6 (0.87 %) 6.4 (3.3 %) 10.6 (2.5 % av.). 4.5 (0.88 % av.) 
poker a: 15.7 (1.0 % av.). ce riupeagiend tb 
1146 251 382 1 432 
28 24.8 * 25.8 20.8 
32 000* 31 200* 90 000 
te 130 000 165 180 
90 480 128 690 
86 000 82 000 
‘a 213 000 
86 000 118 240 
re 142 100 246 930 
32 000 216 000 486 640 
Yes. Yes. Yes. Yes 


Steam train. 


Yes. 


Central of Georgia. 


Replace steam. 


Chesapeake and Ohio. 


Steam train. 


Yes. 


Replace steam. 


Great Northern. 


Trailer added or steam 
train used, 


Yes, 


Replace steam. 


Gulf Coast and Internat. 


Gt. Northern. 


Exclusively local. 


Replace steam. 
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Name of railway. 


Gauge. : 
| 


Baltimore and Ohio. 


4 81/2”. 
ie 


Boston and Maine. 


4° 81/2”. 
43 


eee ee 


15. 


. Have you assigned, for preference, 


. Are reserve cars available generally 


Have you used R.M. cars to cover complete 
passenger service on some branch or small 
line ? 

Treatment of freight 
trains are replaced. 


traffic when mixed 


. Does your service programme comprise an 


extended use of R.M. cars on main lines ? 
If so, what would be essentially your object? 


Have stopping services on main lines, before 
or after express train, been tried ? 


. Have you considered using R.M. cars to estab- 


lish, at moderate cost, temporary exper- 
imental communications, to find out pas- 
senger movement, with a view to transfer- 
ring them, after certain experimental period 
and in case of good results, to loco.-hauled 
trains or doing away with them in con- 
trary case? Have you any example ? 


RM. cars 
to certain local runs worked on Sundays 
and holidays ? 

Are days owt of service wsed for washing and 
maintenance of cars, so as to work service 
with smaller number of reserve R.M. cars? 


. Are reserve cars available locally to provide 


relief for purpose of carrying out running 
repairs or the like ? 


to re- 
place vehicles withdrawn for general over- 
haul ? 


. For each type of R.M. car on your system, 


please state : 

a) Number at present existing ; 

b) Date of (I) oldest, (II) newest ; 
ce) Number effectively used daily ; 
d) Number out for repairs, ete.; - 

e) Annual average mileage per unit. 


For R.M, cars with single compartment for 
driver at one end, please say if at end of 
run RM, car is always turned on a turn- 
table. 


*Based on 93 % availability. 


Yes. 

Does not arise. 
No. 
No. 


Yes, between 
Harper’s Ferry and 
Strasburg, with 
poor results. 


No. 


No. 
No. 


No. 


19 
(1) 1923, (II) 1928. 
19 


Yes. 


None replaced, 


Some used at present. 


To reduce expenditure. 


Yes, between 
Boston and Bedford. 
Result unsatisfactory. 


No, but many donot 
run Sundays. 


No. 


Not in general. 


Yes, 


24 
(I) 1924, (II) 1926. 
22 
2 
33 300 


Yes, on turntable 
or wye. 
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Central of Georgia Chesapeake and Ohio. Great Northern, Gulf Coast and Internat. 
Gt. Northern. 
4 81/2”. 4 81/2”. 4 81/2”. 48 1/2”: 
4 5 6 7 


a A RR RR ER RR RR SESE 


Yes. Yes. Yes. Yes. - 
Freight train instead None replaced. Bi or tri-weekly freight _ No change 
of mixed. instead of daily mixed. in freight service. 
No. No. Some used at present. No. 


To reduce expenditure. 


No. No. Yes, to reduce number No. 
of stops for through 
trains. 
No. No. : No. No. 
No. No, but many do not No. No. 
run Sundays. 
Yes. Yes. 
No No. No No 
No. No. No. Yes. 
L 10 35 8 
(£) 1928, (II) —. (I) 1920, (II) 1929. (J) 1925, (II) 1930. (1) 1910, (II) 1926. 
ithe” 10 30 8 (2) 
0 0 5 4 (?) 
29 5V0 43 150* . 62 600 38 500 ( 7) 
Yes, on turntable Wherever possible. Yes, on turntable Yes 
or wye. or wye. ; 
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1. Name of railway. 


Gauge. 5 
] 


In contrary case, what is the maximum speed 
permissible for reverse running ? 


On shuttle services, is propelling of trailers 
permitted, to avoid shunting ? : 


If so, what is maximum speed allowed ? 


. Do your R.M, cars use locomotive sheds for 


stabling and maintenance, or have separate 
sheds been provided ? 


Are they looked after by locomotive staff or 
have you a specialist staff ? 


Are cars stabled under cover, or in the open ? 


. Is operating staff provided and controlled 


wholly by mechanical department, trans- 
portation department, or partly by each 
department ? 


. State the number of men used for driving. 


What branch ? State number of men used 
in addition to the above mentioned driving 
staff. giving the department of service 
to which they belong : 


a) For R.M. car running alone ; 


b) For motor car hauling one or more 
trailers. 


Any special points governing the number ? 


. In the event of failure en route, what special 


provision, if any, is made for clearing the 
section ? : 


10. Is special staff employed on the supervision 


or superintendence of R.M. operation ? 
Please gwe an outline of the organisation 
and duties of such staff. 


. To facilitate maintenance, do you provide 


spare engines and other parts? If so, to 
what extent ? How are such spare parts 
controlled and used ? 


Baltimore and Ohio. 
Cea O re 
2 


Same as when running 
cab first. 


Yes. 


15 m. p. h. 


Loco. sheds. 
Special stalls assigned. 


Loco. staff. 


Generally in open. 


Jointly. 


One man, 
Mechanical. 


3 men on main lines 


ditto. 


Transportation. 
Traffic conditions 
govern. 


Same as for steam. 


No. 


\ 
Yes, spare engine and 


electrical parts 
at central depot. 


Boston and Maine. 


4 81/2”. 
3 


ee 


Single car, 45 m. p. h. 


Yes, in one case 
two trailers. 


Reasonable speed. 


Loco. sheds partitioned 
off by fire-wall. 


Special staff. 


Under cover. 


Jointly. 


One engineer. 
Mechanical. 


Conductor. 


Conductor and fireman. 


Transportation. 


Same as for steam. 


Supervisor of R. Ms. 
Asst.» » 
Inspector » 
Road foreman » 


No complete engines. 
Spare generators, fan 
and traction motors, 
cyl. heads and the 
like at central point. 


Central of Georgia 
ee 1/2”. 
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Chesapeake and Ohio. 


4 81/2”. 


Great Northern. 
4 81/2”. 
6 


Gulf Coast and Internat. 
Gt. Northern. 
4’ 81/2’. 
7 


4 5 


No shelter. 


Loco. staff. 


In open. 


Jointly, 


One man. 
Mechanical. 


Conductor. 


Transportation. 


Same as for steam. 


No. Ordered as needed. 


IV—i2 


20 m. p. h. 


Between Hammond and 


Griffith trailer 
is propelled. 


20 m. p. h. 


Loco. sheds. 


Loco. staff. 


In open 


Transportation. 


One man (loco. engyr.). 


{( Gas-mech. One man 
| Gas-elec. Two men. 
ditto. 


Independent of whether 
or not trailer is hauled. 


Sameas for steam. 


R. M. supervisor 


(under elec. engr. who 


reports to Supt. of 
motive power). 


Few spare parts; 
before shopping, list is 
made out and parts 
ordered from suppliers. 


Loco. sheds. 


Loco. staff. 


Majority under cover. 


Jointly. 


One man. 
Mechanical 


One man. 


Two men. 


Transportation. 
Number of cars. 


Same as for steam. 


Motor equipt. engr. 
Electrical engr. 
3 motor mechanics 
and electricians. 


No engines but spare 

motors at main point. 

Few small spares at 
running points. 


Loco. sheds. 


Special staff. 


Both. 


Jointly. 


One man. 
Mechanical. 


Same as for steam. 


No. 


Yes. 
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. Weight of rail motor (R.M.) — Ib. | a 


Name of railway. 
Gauge. oo 
1 
Temperature conditions of country : 
a) Max. Summer temperature . 
b) Min. Winter temperature. ae 
ce) Mean Summer temperature for one day. 
d) Mean Winter temperature for one day. 


. a) Number of services. 


b) Shortest run — miles. 
c) Longest run — miles . 
d) Zotal daily mileage — all cars. . 


e) Average daily mileage per car. 


. a) Average distance between stops, miles. 


b) Steepest grade % 

c) Longest grade — miles . 

d) Sharpest curve — feet radius . 
e) Average speed — m.p.h. 


Min. 


Aver. 
Min. 
Max. 


Weight of trailer — lb. 
Aver. 


Average weight of train — |b. 
Maximum weight of train — |b. 


. From the point of view of passenger trans- 


port conditions, do you notify the public 


which are the runs provided for in the: 


time-table, and effected by means of rail 
motor cars ? 

Are they considered as trains having limited 
seating accommodation ? 

In the contrary case, what steps are taken to 
deal with an unusual rush of passengers ? 


. Are the journeys operated by rail motor cars 


(R.M.) subject to predetermined connec- 
tions with other trains, or are they exclu- 
sively local in character, independent of 
any connection ? 


. Is your programme for use of R.M. cars on 


secondary lines limited to certain extra 
services interpolated between pre-existing 
services worked by steam locomotives ? 


*Light weight only. 


Missouri-Pacific. 


LE STD 


8 


2. 


36 240 
94 600 
71 900 


77 660 
110 730 
172 260 


Yes. 


Steam train. 


Yes. 


Replace steam. 


Missouri-Kansas-Texas. 


4 81/2”. 


9 . 
106° F. 
—20° F. 
80° F. 
40° F. 
2 
36.7 
54.1 
255 
127.5 
3.6 
1.1% (4000 ft.). 
2.36 (0.92 % av.). 
70 000 
97 720 


955 
26.6 

83 860 
83 860 
97 720 


Yes. 


Steam train. 


Yes. 


Replace steam. 


Minneapolis, St. Paul 
and Sault St. Marie. 
Y 81/2’. 


7.45 


% (2 000 ft.). 


173 150 


No. 


Steam train. 


Yes. 


Replace steam. 
(Loeal service). 


New York, New Haven 
and Hartferd. 


4 81/2. 
ll 


100° F. 
lof. 
69.6° FF’. 
29.59 F. 


25 
2.5 


2.9 


2.5 % (500 ft.). 
9.66 (1.17 % av.). 


420 
25.8 


30 290 
129 720 
75 400 


80 000 
209 720 


No, 


Steam train. 


Yes. 


Replace steam. 
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Northern Pacific. 


4 81/2”. 


2.2 % 


12 


4.7 
(10.7 miles) 


15 (1.9 % 


382 
26.7 


tt 920%: 
166 600 
106 300 


58 230 
119 800 
194 000 


466 600 approx. 


Yes. 


Trailer added 
or steam train used. 


Yes. 


Replace steam. 


Reading Company. 


4 81/2”. 
13 


101° F. 
130 F. 


1.8 


1.33 % (4000 ft.). 
3.75 (1.13 % av.). 


358 
24.8 
38 000 


186 200 
144 100 


64 600 
1351 450 
84 070 


222 950 
572 150 


No. 


Steam train. 


Yes. 


Replace steam. 


7 
: 


li "Name “of rattways 3... 2. = son ee LS Missouri-Pacific. Missouri-Kansas-Texas. 
GOUges Ses is. sek wv Se eee Peo 4 8 1/2”: 4 81/2”. 
1 8 9 
Have you used R.M. cars to cover complete : Yes. Yes. 
passenger service on some branch or small 
line 
Treatment of freight traffic when mized None replaced. No change in 
trains are replaced. freight service. 
9. Does your service programme comprise an No. No. 
extended use of R.M. cars on main lines ? 
If so, what would be essentially your object? =0p oo 
Have stopping services on main lines, before No. No. 
or after express train, been tried ? 
10. Have you considered using R.M. cars to estab- No. No. 
lish, at moderate cost, temporary exper- 
imental communications, to find out pas- 
senger movement, with a view to transfer- 
ring them, after certain experimental period 
and in case of good results, to loco.-hauled 
trains or doing away with them in con- 
trary case? Have you any example ? 
1l. Have you assigned, for preference, R.M. cars No. No. — 


to certain local runs worked on Sundays 
and holidays ? < 


Are days out of service used for washing and s+ ose 
maintenance of cars, so as to work service 
with smaller number of reserve R.M. cars? 


12. Are reserve cars available locally to provide No. , No. 
relief for purpose of carrying out running 
repairs or the like ? 


13. Are reserve cars available generally to re- No. No. 
place vehicles withdrawn for general uver- 
haul ? 


14. For each type of R.M. car on your system, 
please state : 


a) Number at present existing ; 18 2 
b) Date of (I) oldest, (II) newest; (I) 1912, (II) 1926. (I) 1925, (II) — 
c) Number effectively used daily ; .> 18 2 
d) Number out for repairs, ete. ; 0 0 
e) Annual average mileage per unit. 69 350** 41 500 
|| 

15. For R.M. cars with single compartment for Wea; Yes, on turntable 
driver at one end, please say if at end of or wye. 
run R.M. car is always turned on a turn- 
table. 


** Must include trailer mileage. 
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—————— ee 


Minneapolis, St. Paul 
and Sault St. Marie. and Hartford. 
4 81/2. 4’ 81/2’. 
10 ll 


ee 
| 


No. Yes. 


None replaced. None replaced. 


No. Not at present. 
No. 
No. On one run, 


results poor. 


Yes. Not necessarily. 
Yes. 
No. Yes. 


Mech. drive cars. 


No. Yes. 
Mech. drive cars. 


1 36 


(I) 1925, (II) — (1) 1921, (II) 1927. 
ul 25 
0 ala 
75 900 19 700 
Yes. Yes, on turntable 


or wye. 


New York, New Haven. 


Northern Pacific. 


C4o 
12 


Yes. 


Motors only replace 
steam where they can 
handle all traffic. 


They are used to 
reduce costs. 


Yes. 


No. 


- 


No, but many services 
do not run Sundays. 


Yes. 


No. 


24 
(I) 1924, (II) 1930. 
22 1/2 
11/2 
62 900 


Yes. 


Reading Company. 


4 81/2”. 
13 


Yes. 


Only case occurs 
Pickering Val. Br. 


Programme practically 
complete. 


Not to date but 
may do so. 


No. 


Yes. 


21, 
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X{1l—22 


Name of ‘railway. % « “2 60 3 se se 


GOAUGE Yee oo dee ak ee ok 


In contrary case, what is the maximum speed 
permissible for reverse running ? 


On shuttle services, is propelling of trailers 
permitted, to avoid shunting ? 


If so, what is maximum speed allowed ? 


. Do your R.M. cars use locomotive sheds for 


stabling and maintenance, or have separate 
sheds been provided ? 


Are they looked after by locomotiwe staff or 
have you @ specialist staff ? 


Are cars stabled under cover, or in the open ? 


. Is operating staff provided and controlled 


wholly by mechanical department, trans- 
portation department, or partly by each 
department ? 


. 


. State the number of men used for driving. 


What branch ? State number of men used 
in addition to the above mentioned driving 
staff, giving the department of service 
to which they belong : 


a) For R.M. car running alone ; 


b) For motor car hauling one or more 
trailers. 


Any special points governing the number ? 


- In the event of failure en route, what special 


provision, if any, is made for clearing the 
section f 


. Is special staff employed on the supervision 


or superintendence of R.M. operation ? 
Please giwe an outline of the organisation 
and duties of such staff. 


To facilitate maintenance, do you provide 
spare engines and other parts? If so, to 
what extent? How are such spare parts 
controlled and used f 


Missouri-Pacific. 


4 8 1/2”. 
8 


Loco. sheds. 


Loco. staff. 


Some under cover. 
Some in open. 


Jointly. 


One man. 
Mechanical. 
Conductor. 


Conductor. 


Transportation. 
Same as for steam. 


Motor car supervisor. 
Travelling assistant. 


Yes, one spare truck 
and engine for mech. 
drive. 

Stock of service parts 
for elec. drive. 


a ——————————————————— 
r : 


Missouri-Kansas-Texas. 


4 8 1/2”. 
9 


Loco, sheds. 


Special staff. 


Under cover. 


Transportation. 


One man. 


Conductor, 


baggageman. 


Same as for steam. 


No. 


No engines.’ 
Few stock small parts. 


AT3 
XIU—23 


Minneapolis, St. Paul 
and Sault St. Marie. 
4 81/2”. 

10 


New York, New Haven 
and Hartford. 
aS 1/2. 
li 


Northern Pacific. 


4 81/2”. 
12 


Reading Company. 


4 81/2”. 
13 


—————— ee ______ 


Loco. sheds. 


‘Loco. staff. 


Under cover. 


Mechanical. 


One man. 


Conductor, brakeman 
and baggageman. 


Same as for steam. 


No. 


Only in shunting. 


Speed inconsiderable. 


Both. 


Special staff. 


Under cover 
where possible. 


One man, 
Transportation. 


Conductor. 


Varies in different States. 


: Transportation. 
Apparently local 
regulations. 


Same as for steam. 


Engr. of auto equipt. 
2 mech. inspectors. 


Loco. sheds. 


Specially trained 
loco. staff. 


Both. 


Jointly. 


One man. 
Mechanical. 


Conductor. 


Conductor and. when 
more than one 
trailer, brakeman. 
Transportation. 
Sometimes baggageman 
and mail clerk. 
Depends on type of car. 


Same as for steam. 


Motor car supervisor. 


No engines. Spare elec. 
motors and parts carried 
at local stores. 


Yes. 


Separate sheds in two 
places. 
In open elsewhere. 
Loco. staff. 


Both. 


Transportation. 


One man. 


1 conductor. 
1 flagman. 


ditto. 


Same as for steam. 


No, only small spare 
parts carried. 


ATA 


XIN—24 
Name op rathoay. ss ees oe ee Southern Pacific. Canadian National. 
Cube PF et es 4’ 81/2”. 4 81/2”. 


1 14 15 


2. Temperature conditions of country : 


a) Max. Summer temperature... . . Se 99° F. 
b) Min. Winter temperature. . . .. . Bs —420 FP. 
ce) Mean Summer temperature for one day. ne Mean daily 
d) Mean Winter temperature for one day. range = 180 F. 
3.28) Number, of services... ~. sa il. oa 18 43 
b) Shortest run — miles. . . ..... 53 17 
c) Longest run — miles. ...... .% 144 355 
ad) Total daily mileage — all cars... .- 5 617 8 204 
e) Average daily mileage per car. . .. . 244 be 
4. a) Average distance between stops, miles. . vee 4.35 
b) Steepest grade Yo... . 2G eis ae 2.0 % (3 miles) 
c) Longest grade — miles . i, re we So 
ad) Sharpest curve — feet radius. . .. . ae 249 ft. 
e) Average speed — mph. . 1... 7 25.6 
Min. 118 000** 8 000 
5. Weight of rail motor (R.M.) — lb. { Max. 167 500 206 000 
Aver. 146 130 ; 100 300 
Min. wes 40 000 
Weight of trailer —lb. Max. p ue 96 000 
Aver. a 69 000 
Average weight of tram — lb... . . + 147 600 
Maximum weight of tram—Ib. . .. . . ce 296 000 
6. From the point of view of passenger trans- tee - Yes. 


port conditions, do you notify the public 
which are the runs provided for in the 
time-table, and effected by means of rail 
motor cars ? 


Are they considered as trains having limited 
seating accommodation ? 


In the contrary case, what steps are taken to Pee Steam train. 
deal with an unusual rush of passengers ? 


7. Are the journeys operated by rail motor cars aes Yes, except exclusively | 
(R.M.) subject to predetermined connec- local services. 
tions with other trains, or are they exclu- \ 
sively local in character, independent of 
any connection ? 

8. Is your programme for use of R.M. cars on ce6 Replace steam. 
secondary lines limited to certain ewtra 
services interpolated between pre-existing a 
services worked by steam locomotives ? 


**Light weight only. — *** Weight of steam cars only given. 
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Japanese Government. Chosen Government. Federated Malay States. East Indian. 
a 6t", 4 8 1/2” and 3’ 6”. 3’ 3 3/8’? (metre). anaes 
Le 16 li 18 19 
98° F. Qlo F. 98° ¥. 120° F. 
16.5° F. 13.89 F. | 67° F. 30° F. 
78° F. 78.50 BF. 110° F. 
370 F. 29.50 F. 40° ¥. 
14 7 a 1 3 
i at 1.6 12 il) 
10.6 114 32 : 59 
1110 1.472 80 314 
40 70 80 105 
Ki thd 2 3.9 
2% 2.5 % (5 800 ft.). 1% (1 mile). 0.5% (1.4 mile). 
ite 1.13 (2.5 %). 1.9 (0.5 % av.). 9.5 (0.3 % av.). 
659 ft. 3 840 ft. 782 it. 1 432 ft. 
25 16.7 21.3 
= 13 000 105 700 104 000 
68 800*** 119 500 hes as 
oe 48 800 
we 48 800 105 700 104 000 
68 800 119 500 105 700 104 000 
Yes. No. Yes. 
No relic Steam train. 
Some. In some cases. Yes, in some cases. 
Interpolated. Replace steam Interpolated. 
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XTLI—26 


1. 


15. 


Name of railway. © Se ee 


Gauge. 


Have you used R.M. cars to cover complete 
passenger service on some branch or small 
line ? 

Treatment of freight traffic when mixed 
trains are replaced, 


. Does your service programme comprise an 


extended use of R.M. cars on main lines ? 
If so, what would be essentially your object? 


Have stopping services on main lines, before 


or after express train, been tried ? 


. Have you considered using R.M. cars to estab- 


lish, at moderate cost, temporary exper- 
imental communications, to find out pas- 
senger movement, with a view to transfer- 
ring them, after certawm experimental period 
and in case of good results, to loco.-hauled 
trains or doing away with them in con- 
trary case? Have you any example ? 


. Have you assigned, for preference, R.M, cars 


to certain local runs worked on Sundays 
and holidays ? 


Are days out of service used for washing and 
maintenance of cars, so as to work service 
with smaller number of reserve R.M. cars? 


. Are reserve cars available locally to provide 


relief for purpose of carrying out running 
repairs or the like? 


. Are reserve cars available generally to re- 


place vehicles withdrawn for general over- 
haul ? 


. For each type of R.M. car on your system, 


please state : 

a) Number at present emwisting ; 

b) Date of (I) oldest, (II) newest; 
c) Number effectively used daily ; 
d) Number owt for repairs, etc. ; 

e) Annual average mileage per unit. 


For R.M, cars with single compartment for 


driver at one end, please say if at end of |- 


run R.M. car is always turned on a turn- 
table. 


Southern Pacific. 


Canadian National. 


4° 81/2”. 4 81/2”. 
14 15 


Yes. 


Freight service 
handled by steam. 


Yes. 


To improve service 
at moderate cost. 


Yes. 


Daily maintenance. 
Only in three cases. 


No. 


54 
(I) 1923, (11) 1931. | 

46 

& 9 
67400 ° 36 000 


_Yes, on turntable 
“ ~ “or wye. 


ATT 


Xtil—27 
Japanese Government. Chosen Government. Federated Malay States. East Indian, 
ne". 4’ 8 1/2” and 3’ 6”. 3’ 3 3/8” (metre). 56h. 
16 17 18 19 
No. No. Yes, for a short period. 
Not affected. = Freight trains run. 
Yes. No. Yes. 


To improve facilities, 
and compete with road. 


No. Under consideration. Not warranted. 


To improve service. 


Yes. No. Yes, in séveral cases 
with good results. 


No difference No. Yes. 
made for Sundays. 

Yes. 

Yes. Not at present. No. 

Yes. Not at present. No. 
28. 21 1 3 

(1) 1912, (IT) 1929 (1) 1923, (II) 1930. (I) 1930, (II) — (I) 1928, (II) — 

14 14 1 3 
6.4 (7) 7 0 : 0) 

12 000 (based 25 000 28 000 27 000 


on 300 days p. a.). 
Double-end control. Yes, on turntable. Double-end control. Double-end control. 
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XI1—28 
1. Name oftrailway. |. AO Wee Southern Pacific. Canadian National. 
Gauge 2) Ei 6 oa ee) Peete 4 81/2”. A Bil ee 
} 14 15 ! 
In contrary case, what is the maximum speed 
permissible for reverse running ? 
On shuttle services, is propelling of trailers No. 
permitted, to avoid shunting ? 
If so, what is maximum speed allowed ? 
16. Do your R.M. cars use locomotive sheds for Loco, sheds. 


stabling and maintenance, or have separate 
sheds been provided ? 


Are they looked after by locomotiwe staff or 
have you a specialist staff ? 


Are cars stabled wnder cover, or in the open ? 


17. Is operating staff provided and controlled 
wholly by mechanical department, trans- 
portation department, or partly by each 
department ? 


18, State the number of men used for driving. 
What branch ? State number of men used 
in addition to the above mentioned driving 
staff, giving the department of service 
to which they belong : 


a) For R.M. car running alone; 


b) For motor car hauling one or more 
trailers. 


Any special points governing the number ? 


19. In the event of failure en route, what special 
provision, if any, is made for clearing the 
section ? 


20. Is special staff employed on the supervision 
or superintendence of R.M. operation ? 
Please giwe an, outline of the organisation 
and duties of such staff. 


21. To facilitate maintenance, do you .provide 
spare engines and other parts? If so, to 
what extent? How are such spare parts 
controlled and used ? 


Special staff. One 
maintainer for each car. 


In outlying places 
in open. 


Transportation 


One man (loco. engr.). 


Conductor only usually. } 
Two or three. 


Depends on local 
conditions. 


Same as for steam. 


ae Unit rail car supervisors } 
(report to supt. 
motive power), 


a5 No engines. Other spare | 
parts at main stores 10 %. | 


Japanese Government, Chosen Government. Federated Malay States. East Indian. 


a Gr. 4 8 1/2” and 3’ 6”. 3 3 3/8” (metre). ae Gus 
: 16 17 18 19 
9-15 m. p. h. 
In shunting only. Trailers not used. 
No separate sheds. Loco. sheds. Loco. sheds. Loco. sheds. 
Local staff. Same staff. Loco staff. Loco staff. 
In open. In open now, cover Under cover. Under cover. 
being provided. 
By electrical Transportation. Transportation. Transportation. 
department. 
Two for steam. One driver. > One driver. One driver. 
One for petrol. One fireman. One fireman. 
Steam : One. One, 
Fireman and conductor. 
Petrol: conductor. 
No trailers. 
Same as for steam. Same as for steam. Same as for steam. Same as for steam 
No. No No No 
No. Yes. No engines or boilers. No. 


Stock of small spares. 
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. Name of railway. 


Gauge. 


. Temperature conditions of country : 
a) Max. Summer temperature 
b) Min. Winter temperature. 
ce) Mean Summer temperature for one day. 


d) Mean Winter temperature for one day. 
) Number ‘of services.  . 2. 5 5s ss 
b) Shortest run — miles. 
ce) Longest run — miles . 
d) Total daily mileage — all cars . 
e) Average daily mileage per car. 


. a) Average distance between stops, miles. 
b) Steepest grade % 

ec) Longest grade — miles , 

ad) Sharpest curve — feet radius . 

e) Average speed — m.p.h. 


. Weight of rail motor (R.M.) — Ib. 


Weight of trailer — Ib. 


Average weight of train — lb. 
Maximum weight of train —\b. 


. From the point of view of passenger trans- 
port conditions, do you notify the public 
which are the runs provided for im the 
time-table, and effected by means of rail 
motor cars ? 


Are they considered as trains having limited 
seating accommodation ? 


In the contrary case, what steps are taken to 
deal with an unusual rush of passengers ? 


. Are the journeys operated by rail motor cars 
(R.M.) subject to predetermined connec- 
tions with other trains, or are they exclu- 
siwely local in character, independent of 
any connection ? 


. Is your programme for use of R.M. cars on 
secondary lines limited to certain extra 
services interpolated between pre-existing 
services worked by steam locomotives ? 


Nigerian. Sudan Government, 


Kae ae 4) Gis 


110° F, 114° F 
58° F. 470 F ) 
87° F | 
76° F ) 
2 1 | 
2 34 , 
38 ae 
175.5 137 
88 69 i 
4.0 5.7 | 
% (3.5 miles). 0.33 % (6 300 ft.). i 
6.2 (0.77 % av.). Bae 
660 ft. 3 820 ft. 
17.3 20.2 
58 800* i 
58 800 | 
No. Yes. . 
Question not arisen. No relief. 
Yes. No. Purely local. 
iNew Interpolated. 


*Light weight only.— **Weight of petrol cars only given. 
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XII—64 


South African. 


&, 6’ sand 2’ 0". 
22 


102° FP, 
27°F. 
840 F. 
49° I. 


51 


5.0 
2.5 % (1.8) 
4.2 (2.1 % av.). 
1.6 (1.22 % av.). 
96 ft. 


20.6 


2 


36 850** 


36 850 
Yes. 


Another R. M. 
or steam train. 


Yes, also independent 


services. 


Replace steam. 


New Zealand Government. 


3/67" 
23 


75.19 F. 
58.5° FP. 
65.4° FF, 
42.59 FF. 


2.9 
1.41 % (950 ft.). 
482 ft. 
26.7 
54 800 


75 920 
64 540 


64 350 
73 920 


Yes. 


Steam train. 


Independent 
local services. 


Replace steam. 


Western Australian 
Government, 
o 16 


55 
2.5 
1.67 % (2 960 ft.). 
4.4 (1.18 % av.). 
660 ft. 
15.1 
27 400 


82 800 
45 900 


10 000 
38 600 
24 500 


79 400 
121 400 


Yes at Albany. 
No at Perth. 


Steam train. 


Yes at Albany. 
No at Perth. 


Interpolated. 


Tasmanian Government. 


3” 6”. 
25 


1.9 
2.5 % (3 miles). 


6.4 (1.95 % av.) 
330 ft. 
18 
20 160 


42 300 
31 300 


24 300 
34 000 
66 600 
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Bt; 


11, 


12. 


13. 


14, 


15. 


XHI—32 
Name of railway. . ..... =» 
Gauge. fe elegant 


Have you used R.M. cars to cover complete 
passenger service on some branch or small 
line ? 

Treatment of freight traffic when mixed 
trains are replaced. 


. Does your service programme comprise an 


extended use of R.M. cars on main lines ? 
If so, what would be essentially your object? 


Have stopping services on main lines, before 
or after express train, been tried ? 


. Have you considered using R.M. cars to estab- 


lish, at moderate cost, temporary exper- 
imental communications, to find out pas- 
senger movement, with a view to transfer- 
ring them, after certain experimental period 
and in case of good results, to loco.-hauled 
trains or doing away with them wm con- 
trary case? Have you any example ? 


Have you assigned, for preference, R.M. cars 
to certain local runs worked on Sundays 
and holidays ? 

Are days out of service used for washing and 
maintenance of cars, so as to work service 
with smaller number of reserve R.M, cars? 


Are reserve cars available locally to provide 
relief for purpose of carrying out running 
repairs or the like ? 


Are reserve cars available generally to re- 
place vehicles withdrawn for general orer- 
haul ? 


For each type of R.M. car on your system, 
please state : 


a) Number at present emisting ; 

b) Date of (I) oldest, (II) newest; 
c) Number effectively used daily ; 
d) Number out for repairs, ete. ; 

e) Annual average mileage per unit. 


For RM. cars with single compartment for 
driver at one end, please say if at end of 
he 8 R.M. car is always turned on a turn- 
table. 


Nigerian. Sudan Government. 
3 16". SG 
20 21 


No. No. 


Does not arise. Not affected. 


Cars still 


experimental. 


Yes. 


To improve facilities 
and compete with road. 


Under consideration. 


No. Yes. 
Berber — Atbara. 


No. No, - 
No, No 
No. No, 
2 2 
(I) 1929, (IL) 1930. (I) 1929, (II) — 
2 1 
0 1 
28 000 22 250 
Double-end. Double-end. 
control. control. 


: 
; 
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X111—33 
South African. New Zealand Government. Western Australian Tasmanian Government. 
Government. 
3 6”” and 2’ '0"’. Gil (Se, Ser Ons Oley Ones 
22 | 23 24 5 
Yes. Yes. No. 
Some cases freight Existing freight Existing freight 
trains on alt. days. service sufficient. service sufficient. 
Not at present, but No. No, 
under consideration. 
Combat road 
competition. 
No, 
This stage not No. No. 
yet reached, 
No, No, No. 
Yes. 
In some cases. No. Yes at Albany. 
No at Perth. 
Not at present, No. Yes at Albany. 
but contemplated. No at Perth. 
19 2 3 
(I) 1922, (II) 1931. (I) 1925, (II) — (I) 1922, (II) 1930. 
15 2 2 
4 0 rey aA 
30 000 20 500 for steam. 14 000 13 220 
50 400 for battery. 
Yes, on turntable Double-end. Doyble-end. 
or wye. control. control: 
| 


IV—13 


AB4 


XHI—34 ) 
1. Name, of -ratlabay.c.) 25 3s ee ee Nigerian. Sudan Government. | 
GOUGe oc. Sun) aa ere ee St et ee 3 6". omoue 


1 20 2] 


In contrary case, what is the maximum speed 
permissible for reverse running ? 
On shuttle services, is propelling of trailers Trailers not used but 
permitted, to avoid shunting ? propelling would not be 
permitted except in 
shunting. 


If so, what is maximum speed allowed ? 


16. Do your R.M. cars use locomotive sheds for Loco. sheds. Loco. sheds. 
stabling and maintenance, or have separate 
sheds been provided ? . 
Are they looked after by locomotwe staff or Loco. staff. Same staff. 
have you a specialist staff ? 
Are cars stabled under cover, or in the open ? Under cover. : Under cover. 
17. Is operating staff provided and controlled Transportation. Jointly. 


wholly by mechanical department, trans- 
portation. department, or partly by each 
department ? 


18. State the number of men used for driving. One driver. : One driver. 
What branch ? State number of men used One fireman. Mechanical. 
in addition to the above mentioned driving 
staff. aiving the department of service 
to which they belong : 


a) For R.M. car running alone; One. . 1 fireman (mech.) 
1 guard (trans.), 


b) For motor car hauling one or more oe No trailers. 
trailers. 


Any special points governing the number ? 


19. In the event of failure en route, what special Same as for steam. Same as for steam. 
provision, if any, is made for .clearing .the “ 
section ? 

20. Is special staff employed on the supervision No. No. 


or superintendence of R.M. operation ? 
Please gwe an outline of the organisation 
and duties of such staff. ‘ 


21. To facilitate maintenance, do you provide No engine. Limited stock 
spare engines ang other parts? If so, to | Stock of small spares. of spares. 
what extent ? ow are such spare parts 


controlled and used ? ‘ 
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South African, 


3’ 6’ and 2’ 0”. 
22 


SK 


Loco. sheds not used. 


Car drivers do 
maintenance. 


In open. 


Transportation. 


One for petrol cars. 


One. 


Same as for steam. 


Portable telephones. 


No. 


Spare parts held 
by main stores. 


New Zealand Government. 


3) Or 
23 


Loco. shed—steam car. 


Separate—battery. 
Loco. staff. 


Under cover. 


Jointly, 


Driver and fireman 
for steam car. 
Driver only for 

battery car. 


Same as for steam. 


Limited stock 
of small spares. 


XIN1—35 
= 
Western Australian Tasmanian Government. 
Government, 
GOs oe Oy 
24 £5 


Loco. sheds. 


Loco. staff. 


Under cover. 


Transportation. 


Driver and fireman-steam. 
Driver only-petrol. 


None. 


None. 


Same as for steam. 


One spare engine an 
for petrol cars. 


) 


1. Name of railway. 


bo 


7 


Gauge . : 
1 
. Temperature conditions of country : 
a) Max. Summer temperature . 
b) Min. Winter temperature. 
ce) Mean Summer temperature for one day. 
d) Mean Winter temperature for one day. 


a) Number of services. 
b) Shortest run — miles. 
ec) Longest run — miles . 


da) Total daily mileage — all cars . 
e) Average daily mileage per car. 


a) Average distance between stops, miles. 
b) Steepest grade % . 

c) Longest grade — miles - 

d) Sharpest curve — feet radius . 

e) Average speed — m.p.h. 


Min. 
. Weight of rail motor (R.M.) — lb. } Max. 
Aver. 
Min. 


Weight of trailer—Ib. . . . . . ‘ Max. 
Aver. 


Average weight of train — lb. 
Maximum weight of train — 1b. 


. From the point of view of passenger trans- 
port conditions, do you notify the public 
which are the runs provided for in the 
time-table, and effected by means of rail 
motor cars ? 


Are they considered as trains having limited 
seating accommodation ? 


In the contrary case, what steps are taken to 
deal with an unusual rush of passengers ? 


. Are the journeys operated by rail motor cars 
(R.M.) subject to predetermined connec- 
tions with other trains, or are they exclu- 
siwely local in character, independent of 
any connection ? 


8. Is your programme for use of R.M. cars on 


secondary lines limited to certain extra 
services interpolated between pre-existing 
services worked by steam locomotives ? 


* Light weight only. 


New South Wales 
Government, 
4 8 1/2”. 

26 


4% (990 ft.). 
8.4 (2.2 %). 
528 ft. 
24.25 


38 700 
46 200 
42 900 


19 400 
44 200 
33 750 


55 070 
90 400 


Yes. 


Trailer added or 
steam train used. 


Yes. 
\ 


Replace steam, 


New York Central. 


CMa sie bla 
27 


102° F. 
15° F. 
80° I. 
26° F, 


25 
7.25 

245 

4 597 

139 


3.3 


5.54 % (530 ft.). 
3 (2.54 % av.). 
12 1/2 (1.25 % av.). 
435 ft. 


28.8 


70 000 
185 000 
128 000 


41 550* 
134 400* 
92 650* 


220 650 
407 600 


Yes. 


Steam train, 


Yes. 


Replace steam, 


es 


ils 


10. 


11. 


12. 


13. 


14. 


15. 
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Name of railway. 


Gauge. . 


Have you used R.M. cars to cover complete 
passenger service on some branch or small 
line ? 

Treatment of freight traffic when mimed 
trains are replaced. 


. Does your service programme comprise an 


extended use of R.M. cars on main lines ? 
Tf so, what would be essentially your object? 


Have stopping services on main lines, before 
or after express train, been tried ? 


Have you considered using R.M. cars to estab- 
lish, at moderate cost, temporary exper- 
imental communications, to find out pas- 
senger movement, with a view to transfer- 
ring them, after certain experimental period 
and in case of good results, to loco.-hauled 
trains or doing away with them in con- 
trary case? Have you any example ? 


Have you assigned, for preference, R.M. cars 
to certain local runs worked on Sundays 
and holidays ? 

Are days out of service used for washing and 
maintenance of cars, so as to work service 
with smaller number of reserve R.M. cars? 


Are reserve cars available locally to provide 
relief for purpose of carrying owt running 
repairs or the like ? 


Are reserve cars available generally to 1e- 
place vehicles withdrawn for general over- 
haul ? 


For each type of R.M. car on your system, 
please state : 


a) Number at present ewisting ; 

b) Date of (I) oldest, (II) newest ; 
ce) Number effectively used daily ; 
d) Number out for repairs, etc.; 

e) Annual average mileage per unit. 


For R.M. cars with single compartment for 
driver at one end, please say if at end of 
run R.M. car is always turned on a turn- 
table. 


New South Wales 
Government. 
4 8 1/2”. 

26 


Yes. 
Sometines mixed train 
used on alt. days. 


Otherwise existing 


freight service sufficient. 


Not at present. 
No, 


Yes. Bankstown- 
Lidcombe. 


No, but many do not 
run Sundays. 


- Yes. 


Yes. 


37 
(I) 1923, (II) 1930. 
30 
7 
31 000 


Double-end 
control. 


New York Central. 


4 81/2”. 
27 


Yes. 


Not affected. 
Steam locos. used 
for livestock. 


No. 
No. 


Yes. Lafayette 
to Indianapolis. 
Not successful. 


No. 


Yes. 


No. 


33 
(I) 1925, (II) 1930. 
30 
3 
36 500 


Single-end cars 
always turned. 
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a 


1. 


Name of railway. 


Gauge. $ 
1 


New South Wales 
Government. 
B12". 

26 


New York Central. 


4 81/2”. 
27 


(RR 


In contrary case, what is the maximum speed 
permissible for reverse running ? 


On shuttle services, is propelling of trailers 
permitted, to avoid shunting ? 


If so, what is maximum speed allowed ? 


- Do your R.M. cars use locomotive sheds for 


stabling and maintenance, or have separate 
sheds been provided ? 


Are they looked after by locomotive staff or 
have you a specialist staff ? 


Are cars stabled under cover, or in the open ? 


. Is operating staff provided and controlled 


wholly by mechanical department, trans- 
portation department, or partly by each 
department ? 


. State the number of men used for driving. 


What branch ? State number of men used 
in addition to the above mentioned driving 
staff, giving the.department of service 
to which they belong : 

a) For R.M. car running alone; 


b) For motor car hauling one or more 
trailers. 


Any special points governing the number ? 


19. In the event of failure en route, what special 


provision, if any, is made for clearing the 
section ? § 


20. Is special staff employed on the supervision 


or superintendence of R.M. operation ? 
Please gwe an outline of the organisation 
and duties of such staff. 


21. To facilitate maintenance, do you provide 
spare engines and other parts? If so, to 
what extent ? How are such spare parts 
controlled and used ? 


Only in shunting. 


10 m, p. h. 


Loco. sheds 
not used. 


Special staff, 


Both. 


Jointly. 


One driver. 
Mechanical. 


One. 
One. 


Transportation. 


Same as for steam. 
Tricycle and portable 
telephone carried. 


Rail motor supervisor. 


Travelling mechanic. 
Asst. engr.‘on design 
and workshop. 


Yes. 
10 % approx. 


Not done in service. 


No shuttle services. 


Loco. sheds. 


Same staff. 


Both. 


Transportation. 


One man. 


Two men. 


Two trailers, 2 men. 
Three or more trailers, 
3 men. 


Depends on number 
of cars. 


Same as for steam. 


Equipment engineering 
dept. and staff 
of inspectors. 


Yes. 
Definite list 
for each type of car. 


att 
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Name sofieratlwoaye se 0) see es) oe os le Baltimore and Ohio. Boston and Maine. 


Gas-mechanical : 


Gas-mechanical : 1c, 7 ae car. 
Brief particulars of cars other than those listed GSH car . P.—6 cars. 
Beli! Me ens ck een cy eee ee re ae 190 H. P.—1 car. Candice 


Gas-electric : 175 AH. P:—1 car, 


200 H. P.—é cars. 
250 H. P.—16 cars. O50) He Pesce 
275 H. P.—8 cars, : 
ee 
EPI DE 7Of, NOUN MS 0c Fa) ee See an eee 600 H. P. petrol-elect. 275 H. P. petrol-elect. 
1 2 3 


Type, horse-power and number . 


1. Number of 2-axle cars. 


> 3-axle cars. rina cle gas aoe aoe 
> 2-bogie (truck) cars. ..-. . 1 2 
> articulated cars . its 


2. Diagrams of rail motor cars (elevation and 
plan), preferably to scale of 1: 100 for 
each class of car mentioned in (1) above. 


Following information should be given : 3 All-steel. 
Number of motor awles. . =... 2 » « > 4 2 
Number of coupled azles. . . . . . '. : Nil. | INGE 
Gauge of track! os nan we ed oe ee 4 81/2” POL ies 
Total wheel-base. . . 60’ 9” 62’ 
Distance between centres oF Rogie areal) hailed: 7 0” both. : 7 0’ driving. 
bogies. 6’ 0”’ trailing. 
Daiametervoy, wheels a tp. 1s 1 eee eee 36”’ 33” 
Lengihmover OWifersa 9) ec ees 1a Or 76’ 
Length of body... . : 73° 73! 
Internal width and height of colhparenen tl 9’ 6” x8’ 0” approx. 9’ 8” x8’ 4” 
Type of journal bearings. . ..... =. S. K. F. roller. A. R. A. 
3. Weight of rail motor car unloaded. . . . is 105 000 1b. 
In service, fuelled complete (fuel, water, etc.), 161 875 lb. 


but without passengers, baggage or mails. | Front axles — 50 123 |b. 
Rear » — 4380812 ]1b. 


In service fuelled complete, and with maa- 179 025 Ib. 
imum load of passengers, baggage and 
mails 

In each of the above cases give distribution 
of weight on each aale. 2 

Weight (light) of engine alone hen it con- Nil. 
stitutes a separate chassis. 

4. What classes are provided ?. . . . One class. One class. 

Seating accommodation for each ae a give 46 seats. 84 seats. 
diagram). : 

Size and mawimum load capacity of baggage ig ee 12’ x9’ 8” 
compartment, 

Size and mawimum load capacity of mail sen Nil. 


compartment, 


articulars of cars. 
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Central of Georgia. 


Nil. 


eee 
275 H. P. petrol-elect. 


90 H. P. petrol-mech. 


4 5 6 fe 
4 6 1 8 
pi All steel. All steel. ov 
2 2 2 2 
Nil. Nil. Nil. Nil. 
4 81/2” 4 81/2” 4 81/2” 4’ 81/2” 
PSP 64’ 11 5/8” 60’ 0”’ 
6’ 8”’ both 7 4° driving 7 10” driving. 
bogies. 6’ 4” trailing 6’ 6”’ trailing, ot 
30” 33” 36” 33”? 
43’ 1” ae 74 70° 7 3/8” 
41’ 10” 76’ 7 5/8” ey te 
(Las air Uda Sa 9’ 3’’ x8’ 0”’ approx. oor 81 0" 9’ 6’ wide. 
Timken roller. Hyatt roller. 8. K. F. roller, 
32 000 Ib. 130 000 Ib. Ay Zeal 
147 780 lb. Drvg. bogie — 60 % 
Trail. » .—40% 
165 280 lb. 
Nil. Nil. Nil. 
One class. One class. One class. One class. 
29 seats. 40 seats. No passengers. 48 to 64 seats. 
Tne AA Sea Ao ln Bil 19’ 10°?:.9’.3"" 9’ 0" x 9" 5? fish: 20’ 9’’ x9’ 6”’. 
baggage and mails. 32’ x9’ 5”” baggage. . 
os 15? 12? s<-6h 3}? 15’2”’ x 9’ 5” mail, 
1 


Chesapeake and Ohio. 


Gas-mechanical : 
90 H. P.—4 cars. 


Great Northern, 


Gas-electric : 
175 H. P.—9. cars. 
220 H. P.—2 cars. 
250 H. P.—2 cars. 
275 H. P.—13 cars. 
300 H. P.—1 car. 
400 H. P.—7 cars. 


400 H. P. oil-elect. 


Total cap. 17 500 lb. 


Gulf Coast and Inter- 


national Gt. Northern. 


Nil, 


220 H: P. petrol-elect. 
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Name of railway . 


Baltimore and Ohio. 


Boston and Maine. 


Type of drive 5 | 600 H. P. petrol-elect. 275 H. P. petrol-elect. 
1 " 2 3 
5. Size and position of engine compartment. 16.6779’ 8” 9’ 7 3/8" x9" 8" 
End of car. End of car over 


10. 


Lh. 


Size and position of driver’s compartment or 
compartment, 


. For trailer purposes, are standard vehicles 


used, or has spécially constructed stock 
been adopted ? 

Give particulars of weights, accommodation, 
and seating arrangements. 


Is any provision made for smoking, either in 
motor cars on trailers. 


. Are rail motors fitted with standard buffers 


and couplings f 


Will the same answer apply to specially con- 
structed trailers ? 


. Braking methods. 


Continuous braking (specify the system): 
Screw brake 


Lever Brake 

Steam brake ay Lent) Aes Beas Sahin es 

For each braking apparatus please state if it 
acts on all the wheels of the car or on part 
only. 


What percentage of brake power is provided 
in the main braking apparatus ? 


. Heating system of rail motors and trailers 


and how controlled . 
Lighting system for car, head, and tail lights. 


If the weight of R.M. is limited in any way 
by condition of track or bridges, please 
give: ; 

Maximum permissible axle load. - 

Weight of rails per yard. 

Length of rails. 

Number of supports (sleepers-ties) for each 
rail length. 


Approx. light weight of standard type ve- 
hicle, which most closely resembles the 
R.M. in respect to comfort, good riding 
and carrying capacity. 


In engine compartment 
only. 


Converted steam cars 
and special stock. 
Many types. 
All-steel special pass. 
and baggage trailer. 
Light wgt. 144 800 Ib.- 
48 seats 20 000 lb. 
of baggage. 
Smoking provided 
for in motor car, 
46 seats. 


Yes. 


Yes. 


Westinghouse. 


Lindstrom lever and 
Peacock staffless. 


All wheels. 


80 % of light weight. 


Hot water, manual 
control. 
Electric (32-volt). 
from storage battery. 


No limitation. 
136-lb. rails, 
39’ long, 22 ties 
per rail. 


driving bogie. 
In engine compt. and 
small cabin at 
opposite end. 
Both. Special light 
weight cars used 
for smaller cars. 
Weight not given. 
49 to 93 seats. 
One type has 15’ 
mail compartment. 


Compartment for 
20 smokers in 
motor car. 

No. Light weight 
standard contour 
couplers and buffers. 


Yes, 
Westinghouse 
A. M. M. 


All wheels. 


95 % on driving bogie, 
90 % on trailing bogie. 
Hot water heating. 


Electric light. 


No limitation. 


Old style combination car, 
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Central of Georgia. 


1 


90 H. P. petrol-mech. — | 


4 


—————— 


In baggage compartment 
over driving bogie. 


In baggage compartment | 


only. 


No trailers. 


Westinghouse 
semi-automatic air, 


Hand brake. 
All wheels. 


Unknown. 


| Hot water, coal fired. 


Electric (12-volt), 
from storage battery. 


No limitation. 


Nothing similar. 


Chesapeake and Ohio. | Great Northern. 


275 H. P. petrol-elect. 
5 


1? 1107" x9" 3". 
End of car over 
driving bogie. 

In engine compartment 
only. 


Standard. 


Yes, in motor car, 
13 seats. 


Yes. 


Yes. 


Westinghouse A. M. L. 


; Standard hand brake. 


All wheels. 


90 % 


Hot water, 
manual control. 


Electric. 


No limitation. 


155 000 lb. 


| 


400 H. P. oil-elect. | 


Gulf Coast and Inter: 
national Gt. Northern. 


220 H. P. petrol-elect. 


6 7 
ASG X92) 6 Waals 
End of car over driving | End of car over driving 
bogie. bogie. 
In engine compartment | In engine compartment 
only. only, 
Standard vehicles “No trailers. 
of various types. 
One pass. type, Yes, 
lgt. wgt. 111 250 lb. 
Yes. 


Special for motor cars. 
Match with standard type. 


, 


Westinghouse A. M. L. 


All wheels. 


100 % at 50 lb. per 
sq. in. cylinder 


pressure. 
Hot water. 


Electric throughout. 


No limitation. 


Vehicle of like weight. 


Westinghouse air. 


Hand brake. 


All wheels. 


Hot water, 
manual control. 


Electric (32-volt), 
from storage battery. 


No limitation. 


4AQ4 


XU — 44 
a a 
Naine of, railivayeo: © ok 0 ee en Missouri: Pacific, nee 


Gas-mechanical : 


Brief particulars of cars other than those listed 
es Be ee “i ot ie) Witla ae VAM sees 68 H. P.—7 cars. Gas-mechanical : 
Gas-electric : 175 H. P.—1 car. 
Type, horse-power and number. . .... . 220 H. P.—10 cars 
IR TORO) ERE ee Oe eh daa ae NS woe ig 220 H. P. petrol-electr. 200 H. P. petrol-elect. 
l 8 9 


1, Number of 2-axle cars. 


> 8-axle cars. eee Ke, MoS = Bs 
> 2-bogie (truck) « OTB IN Sao Ore 1 1 
> articulated cars . Pehl 23 oa 


2. Diagrams of rail motor cars (elevation and 
plan), preferably to scale or 1: 100 for 
each class of car mentioned in (1) above. 
Following information should be Kp : 


Number of motor awles. . . . . fees 2 ame 
Number of cowpled avles. . . ..... Nil. ; Nil. F 
Caugelof track. Poe Sane ae 4 81/2” 4 81/2 
Total wheel-base . . GORGsgaas Sas 60’ 6 f 
Distance between centres of bogie(truck) aales, 6’ 6”’ both bogies. 6’ 6”’ both bogies. 
Diametersof wheels. © . gee. 33” 33" 
uength sover buffers. “sa eg amen 72’ 9” 70° 9” (7) 
Length of body . ; 70 6" id ; 10 6 2 
Internal width and height of compartments. 9° 6” x8’ 1 9 6” x8’ 01/2 
Type of journal bearings. . . .... « A. Ry A. AOR, Ae 
3. Weight of rail motor car unloaded . 
In service, fuelled complete (fuel, water, etc.), 100 500 lb. 77 720 |b. 
but without passengers, baggage or mails. | Dvg. Axles — 29 625 lb. 
: Trg. » — 20625 lb. 
In service, fuelled complete, and with maa- 119 500 lb, 97 720 lb. 
imum load of passengers, baggage and Dvg. 28 500 Ib. 
mails . Tlg. 20 360 lb. 


In each of the above cases give distribution 
of weight on each azle. 

Weight (light) of engine alone when it con- Nil. 5 Nil. 
stitutes a separate chassis. \ 


4. What classes are provided ?. . ’ : : One class. One class. 


Seating accommodation for each sigan ‘a give 40 seats. 37 seats. 

diagram). 
Size and maximum load capacity of baggage 26 OF 5e9? 16” 19? 0? x8) 6 4 

compartment 13 000 Jhb. 5 700 lb. | 
Size and maximum load capacity of mail eee ate 

compartment 


~<a 
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and Sault Ste, Marie. 


Minneapolis, St. Paul 


New York, New Haven 
and Hartford. 


Northern Pacific. 


Reading, 


See eee eee. 010 _—0— OE 


Nil, 


175 H. P. petrol-elect. 
| 10 


; 2 
Nil, 
4 81/2” 
47 3” 

6’ 6’* both 
bogies. 
33”’ 

60’ 2” 
5877 11/2” 


A.RB.A. 
75 700 Ib. 


79 900 lb. 


97 700 Ib. 


Nil, 


One class, 
52 seats. 


Gas-mechanical : 
40 H. P.—3 cars. 
120 H. P.—18 cars. 
180 H. P.—1 car. 
Gas-electric : 

200 H. P.—1 car. 
Gas-hydraulic : 
180 H. P.—1 car. 


250 H. P. petrol-elect. 
1] 


12 


2 
Nil. 
4 81/2” 
ieee 
7 6” driving. 
7’ 0” trailing. 


75’ 10” 
13° 
9’ Be xT 6” 
AN ved. 


101 495 Ib. 

Dvg. axles — 31 078 lb. 
Tlg. » —19670 lb. 
120 535 Ib. 

Dvg. — 35 348 lb. 
Tig. — 24 920 lb. 

(A few of the cars vary 
slightly from 
above weights). 


One class. 
70 seats. 


LaF Se edoS"* 
4 000 lb. 
Nil. 


Petrol-electric : 
175 H. P.—7 cars. 
220 H. P.—4 cars. 
275 H. P.—4 cars. 
300 H. P.—7 cars. 


600 TH. P. petrol-elect. 


Gas-mechanical : 
68 H. P.—1 car. 
Gas-electric : 
250 H. P.—4 cars. 
330 H. P.—1 car. 
360 H. P.—% cars. 
500 H. P.—3 cars. 
Oil-electric : 

330 H. P.—2 cars. 


600 H. P. petrol-elect. 


12 13 
2 2 
4 4 
Nil. Nil, 
4° 81/2” 48 1/2” 
62” 8”’ 61’ 41/2” 
7’ 4’ both 7101/2” both 
bogies. bogies. 
33” 36”? 
GO: 75’ 
75’ 0” 73° 
9’ 21/2’’x8’ approx. 9’ 3’’x 8’ 11 1/2” 
Roller. ‘ALR. A: 
166 400 lb. 
Eng. end — 51 600 lb. 
Other » — 31 595 lb. 
zat 163 250 lb. 
Front axles — 47 195 lb. 
Rear » — 34 430]b. 
197 000 lb. approx. 181 000 Ib. 
(Above are average 
weights). 


Nil, 


One class. 
No passengers in these 
cars. 

41’ 6” x9’ 21/2” approx. 
20 500 lb. approx. 
15’ 9’ 2 Va" 

5 000 Ib. 


Nil. 


One class only. 
24 seats. 


20’ 41/2”’x9’ 3” 
9750 lb. (avge). 
OVO ROS)” 

5 000 Ib. 
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Name of railway . 


Type of car . 2 
l 


220 H. P. a en electr. 
ES ee eee 


5. Size and position of engine compartment. 


Size and position of driver’s compartment or 
compartments . 


6. For trailer purposes, are standard vehicles 
used, or has specially constructed stock 
been adopted ? 

Give particulars of weights, accommodation, 
and seating arrangements See Gas 


Is any provision made for smoking, either in 
motor cars or trailers . 


7. Are rail motors fitted with standard buffers 
and couplings ? 


Will the same-answer apply to specially con~ 


structed trailers ? 
8. Braking methods. 


Continuous braking (specify the system): 


Screw brake 
Lever brake. 


Steam brake 


For each braking apparatus please state if it, 


acts on all the wheels of the car or on part 
only . 

What percentage of brake power is provided 
in the main braking apparatus ? 


9. Heating system of rail motors and trailers 
and how controlled. 


Lighting system for car, head, and tail lights. 


10. If the weight of R.M. is limited in any way 
by condition of track or bridges, please 
give: 

Mazimum permissible axle load.. 

Weight of rails per yard. 2 

Length of rails. 

Number of supports (sleepers-ties) for each 
rail length, 


ll. Approx. light weight of standard type ve- 
hicle, which most closely resembles the 
R.M. in respect to comfort, good riding 
and carrying capacity. 


3’ ‘67 x Q’ 6”’. 
bogie. 
In engine compartment 
only. 


Special, baggage 
and mail. 


Light weight 50 660 Ib., 
mail 8 500 Ib., 
bagg. 18 500 Ib. 


Smoking compartment in 
motor car, 10 seats. 


Yes. 


Westinghouse A. M. L. 


Lindstrom lever and 
peacock staffless. 
All wheels. 


100 % at 50 Ib. per sq. in. 


cylinder pressure. 
Hot water. 


Electric. - 


_No limitation. 


114 000 Ib. 


Missouri-Pacific. Sees Sa 


Combination passenger- 


Missouri-Kansas 
and Texas, 


200 H. P. bas 


In engine compartment 
only, 


No trailers. 


Smoking provided 
for in motor car. 


No. 


Westinghouse air. 


All wheels. 


90 % of 
Hot water. 


Electric. 


No limitation. 


baggage 97 000 Ib. 


T 10%%9" 6x 
End of car over driving | End of car over driving | 
bogie. 4 
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nnn en ee eee 


Minneapolis, St. Paul 
and Sault Ste. Marie. 


175 H. P. petrol-elect. 
10 


New York, New Haven 


and Hartford. 


250 H. P. petrol-elect. 
sot 


| 600 H. P. petrol-elect. 
12 


Northern Pacific. | 


Reading, 


| 600 H. P. petrol-elect. 
13 


End of car over driving 
bogies. 


In engine compartment 
only. 


Standard. 


Light weight 87 750 Ib. 
Express and mail. 


Yes, in motor car. 


No. 


Westinghouse. 


All wheels. 


60 % 


Hot water. 


Electric. 


No limitation. 


Nothing similar. 


cI elas kha sa 
End of car over driving 
bogie. 

In engine compartment 
and small cabin at 
opposite end. 
Various standard 
vehicles. 


80 000 lb. 
104 seats. 


Compartment for 20 
smokers in motor car 
only. 

Three of these cars 
provided with standard 
draft gear and couplers. 


Westinghouse 
straight. air 
and automatic air. 


All wheels. 


110 % of light weight. 


Individual hot water or 
hot air heaters manually 
controlled. 
Electric light from 
storage battery and 
charging equipment. 


No limitation. 


RENO? 59" 2k (20: 
At front of car. 


In engine compartment 
only. 


All standard. 


Pass. types, weight from 
90 000 Ib. to 120 000 lb. — 
68 to 84 seats. 


Yes. 


Yes. 


Westinghouse. 
Auto air. 


Hand brakes fitted. 


All wheels. 


. 


90 % of light weight. 


Hot water, 
~manual control. 


Electric. 


No limitation. 


145 000 lb. 


168i” (av.) < 9's”. 
End of car. 


In engine compartment 
and small cabin at 
other end. 


Both. 
Passenger cars only. 


Standard cars: 
116 260 lb. — 78 seats. 
Special cars: 

65 500 lb. — 73 seats. 


Smoking provided 
for on motor car only. 


Light weight standard 
A. R. A. couplers. 


Yes. 


Westinghouse straight 
and automatic air. 


Standard hand brake. 


100 % 


Hot water or steam heat, 
coal or oil fired. 


Electric car and head 
lights. 
Oil marker lights. 


No limitation. 


116 260 lb. 
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Name of railway . 


Brief particulars of cars other than those listed 
below. AEE oRcp ey Shexoy Par Lot Ol hc 


Type, horse-power and number . 


Type of car . . 
1 


In service, fuelled complete (fuel, water, etc.), 
but without passengers, baggage or mails. 


In service, fuelled complete, and with maa- 
imum load of passengers, baggage and 
mails . ; 


In each of the above cases give distribution 
of weight on each acle. 


Weight (light) of engine alone when it con- 
stitutes a separate chassis . 


Southern Pacific. 


Gas-electric : 


175 H. P.—2 cars. 
300 H. P.—6 cars. 
400 H. P.—12 cars. 


600 H. P. petrol-elect. 


167 500 Ib. 


Front axles — 49 425 lb. 
Rear » \— 84325 lb. 


175 500 lb. approx. 


Canadian National. 


Storage battery: 
100 H. P.—6 cars. 
Gas-mechanical : 

85 H. P.—1 car. 
125 H. P.—10 cars. 
Gas-electric : 

120 H. P.—8 cars. 
220 H. P.—1 car. 
Oil-electric : 

200 H. P.—8 cars. 
300 H. P.—18 cars. 


SR 


400 H. P. oil-elect. 


14 15 
1. Number of 2-axle cars. ooo oe 

> 3-axle cars. : ore “ea 

> 2-bogie (truck) cars . 5 te 

» articulated cars . : ; 5 2 

2. Diagrams of rail motor cars (elevation and 

plan), preferably to. scale or 1: 100 for 

each class of car mentioned in (1) above. 

Following information should he given : All-steel. + 
Number of motor acles. rf 4 4 
Number of coupled aales . : Nil. . Nil, 
Gauge of track 4 81/2 4 81/2” 
Total wheel-base . . , 60 3 85" 10” 
Distance between centres of bogie( truck) awles. 7 9” both 7 4” all three 

bogies. bogies. 
Diameter of wheels . 33”’ 36”’ 
Length over buffers. on Oe 104’ 
Length of body. . 73° 102’ 
Internal width and height of compartments. 9’ 6” x 8’ 0” approx. 10’-4’*x 870” 
Type of journal bearings . : Fafnir Melcher roller. S. K. F. 
3. Weight of rail motor car unloaded . 188 000 Ib. 


Front axles — 39 500 Ib. 
Middle » — 24500 |b. 
Rear _.» — 30000 Ib. 


206 000 Ib. 


Nil, 


499 
XIM—49 


Chosen Government 


Japanese Government. - (Korea). 


Federated Malay States. 


East Indian. 


Tn 


Steam : 


Articulated—2 cars 
(narrow gauge). 
100 H. P. (Sentinel)— 


Steam: 2-bogie— 
2 cars (standard gauge). 


16 cars. 
Petrol-mechanical : 


24 H. P.—7 cars (narrow). 
55 H.P.—4 cars (standard). 


40 H. P. petrol-mech. 100 H. P. petrol-mech. 


16 7 
12 Ac 
Nil, Nil. 
fa tsi 4y 8 Lar . 
14’ 9” 48” 10” 
No bogies. 5’ 11”’ each bogies. 
34”’ (860 mm.) 34” 
33’ 63’ 5” 
27 6n = 58 6” 
We 10, 1/2)"xi6" 6'1/2"" 8’ 7’ x5’ 10” ‘approx. 
mee S. K. F. roller. 
Not given. 
52 800 lb. 
44 800 lb. 66 000 Ib. 
Nil. Nil, 


Iv—14 


Nil, 


100 H. P. steam. 
18 


Sentinel. 


1 
" Nil. 
3’ 6” 
78” qe 
6’ 0”? eng. and interm. 
bogies. 
5’ 6” trig. bogie. 
33 1/2” 
95’ 5 1/2” 
91’ 


8 41/2x7 6” approx. 
Roller bearings. 


84 224 lb. 
Eng. bogie 19 096 Ib. 
Inter. » . 12 096 lb. 
Trig. » 10920 lb. 


93 184 Ib. 
Eng. bogie — 21 112 lb. 


Inter. » — 14 224 lb. 
Trg. » —11 256 lb. 
105 728 |b. 


Eng. bogie — 21 840 lb. 
Tnt. » —17 136 lb. 
Trig. » —13 888 lb. 


Nil. 


Nil. 


100 H. P. steam. 
19 


Ce ae aaraa Taal 


Sentinel. 
1 
Nil. 
5’ 6” 
89’ pie 
6’ 6’ both end bogies. 
9’ 0” interm. bogie. 


30” 
"103° 10°" 
99’ 10” 

8’ 31/2’ x8’ 0” approx. 
Plain bearings — 2 units. 
Roller (S. K. F.)— 1 unit. 

82 568 Ib. 
Nos. land 2axles10 696 lb. 
No. 3 » 19892 lb. 
No. 4 » 18772 lb. 
Nos.5and6 » 10696 lb. 

87 720 lb. 
Nos.1land 2axl.—10 6961b. 
No. 3 » —21 5161b. 
No. 4 » —21 740\b. 
Nos.5and6 » —11 536lb. 

104 072 lb. 
Nos. land 2ax].—13 5801b. 
No. 3 » —25 044 |b. 
No. 4 » —25 268 1b. 
Nos.5and6 » —13 3001b. 


Axle arrangement : 


2 3 4 5 = 6 
iar sor a) 0 
Nil. 


10. 


500 


Size and maximum load capacity of baggage 
compartment 

Size and maximum load capacity of mail 
compartment 


. Size and position of engine compartment. 


Size and position of driver’s compartment or 
compartments . 


. For trailer purposes, are standard vehicles 


used, or has specially constructed stock 
been adopted ? 

Give particulars of weights, accommodation, 
and seating arrangements 

Is any provision made for smoking, either in 
motor cars or trailers . 


. Are rail motors fitted with standard buffers 


and couplings ? 


Will the same answer apply to specially con- 
structed trailers ? 


. Braking methods. 


Continuous. braking (specify “the netemys 

Negi tica a § "ene oe ceca cto 

Lever brake. 

Steam brake 

For each braking appar atus ple ise state if’ it acts 
on all the wheels of the cav 07 on part only. 

What percentage of brake power is provided 
in the main braking apparatus ? 


. Heating system of rail motors and trailers 


and how controlled . 


Lighting system for car, head, and tail lights. 


If the weight of R.M. is limited in any way 
by condition of track or bridges, please give: 

Maximum permissible axle load.~ 

Weight of rails per yard. 

Length of rails. 

Number of supports (sleepers-ties) for each 
rail length, 


. Approw. light weight of standard type ve- 


hicle, which most closely resembles the 
R.M. in respect to comfort, good riding 
and carrying capacity. 


Other arrangements are 
passenger baggage and 
baggage-mail). 


LB? lO} S39? 672s 
End of car. 
In engine compartment 
and small cabin at 


opposite end. 
Not stated. 


Smoking provided 


for in motor car, 12 seats. 


Light weight 
standard contour 
couplers. 


Westinghouse A. M. L. 


Peacock staffless. 


All ahieels. 


100 % at 60 Ib. per sq. in. 


cylinde: pressure. 


Steam heating, oil fired. 


os 


Electric (32-volt). 


No limitation. 


16’ 6’’ x10’ 4” 


L726 et ON Gee 
End of car. 


In engine compartment 


only. 


Both. 

Special vehicles have 
roller bearings. 
Weights vary from 
40 000 to 96 000 Ib. 
Yes, in motor car 
55 seats. 
Standard couplings. 
No buffers. 


Yes. 
. 


Westinghouse air. 


One at each end. 


None. 
All wheels. 


84 1/2 % at 50 lb. per 
sq. in. cylinder pressure, 
Hot water, coal fire, 
self feeding. 


All-electric. 


No limitation. 


90 000 Ib. 


XILI—50 : | 
| 
Name of railway . | Southern Pacific. | Canadian National. 
Type of car. 2 | 600 H. P. petrol-elect. | 400 H. P. oil-elect. 
1 14 15 : | 
4. What classes are provided ?. One class. One class, 
Seating accommodation for each class (give 54 seats. 121 to 124 seats. 
diagram). (Above figure is for 
pass. car. 
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Chosen. Goverment, Federated Malay States. East Indian. 


Japanese Government. (Korea). 


| 40 H. P. petrol-mech. 100 H. P. petrol-mech. 100 H. P. steam. | 100 H. P. steam. 
16 7 18 19 
“Fhird class only. Third class only. Two classes. Two classes. 
34 seats. 90 seats. 2nd class-12 seats. 1st class — 10 seats. 
Srd_ class-84 seats. 3rd class — 90 seats. 
eas 10 1/2" Two compartments each 4 2” x8 41/2” T 7’ x8 31/2” approx. 
4 0” x3’ 9” approx. 
None — engine None. Located beneath 9’ x8 41/2” approx. 1P 3x9’ 0” approx. 
underneath floor. floor near centre. End of car houses In centre over 
boiler-eng. under floor. intermediate bogie. 
One at each end. Cabin at each end. In engine compt. and Cabin at each end. 
BL pets. 2? idee 4 0x3’ 9” approx. cabin 4 yr? x 8'.4 1/2” . 32672 x 8’ 3 1/2” approx. 
at opposite end. 
Not given. No trailers. No trailers. No trailers. 
No restriction Not stated. 
on-smoking. 
Yes. No. Yes. Couplers standard 


buffers special. 


Air, Westinghouse air. Automatic vacuum. Vacuum brake. 
‘ 
Hand brake provided. st Clasp brake on 
, intermediate. 
Yes. ard Hand brake acting on Single on other bogies. 
engine bogie only. 
All wheels. All wheels. - All wheels, 
Not given. 100 % of light weight. Not given. Not given. 
- Hot water from Exhaust gas and None. None. 
water jacket. circulating water 
‘ heating. : ; 
Electric, from storage Electric. Electric, from axle Electric throughout 
battery. generator. | except buffer lights, 

| which are oil. 

No limitation. Axle load 12.75 tons. Yes. Axle load 10 tons. No limitation. 
Rails 74 lb. per yd. Rails 60 lb. per yd, Axle load 15 to 22.5 tons. 
33 ft. 50’ long. Rails 65 to 90 Ib per yd, 

Sleepers 17 per length | Sleepers, 15 per length. 25° to 41’ load. 

(standard gauge). | Sleepers N+1 to N+3 
| (N= Length of rail in yards), 
Nothing comparable. . 80 640 Ib. 


re oe 


Name .of railway. bf) + cece ee ee Nigerian. Sudan Government, 


Brief particulars of cars other than those listed Steam: 
Belg = ra ph Reka ana 2-bogie—100 H. P. Nil. 
1 car. 


T'ype, horse-power and number . 


THDESOf SCOTL Ema cha (tale gees fn tae Ne Beare 100 H. P. steam. 100 H. P. steam. 
1 20 21 


1. Number of 2-azxle cars. 


> 3-axle cars. F Ket, OGM i 08 
> 2-bogie (truck) cars (Pee Baeas: ots 2 
> ATi lated. CONS, eee eee 1k a 


2. Diagrams of rail motor cars (elevation and 
plan), preferably to scale of 1: 100 for 
each class of car mentioned in (1) above. 


Following information should be given : Sentinel. Clayton. 
Number of motor ales. . . . . ee 1 1 (Jackshaft). 
Number of coupled awles. . . . .... Nil. 2 
Gauge of track’ S75. ee ee 36 3° 6” 

Total wheel-base . . hy Saas : 46 0” 
Distance between centres of bogie (truck) acles., 5’ 6” and 6’ 6” 7 0” driving 
6’ 0” trailing. 
Diameter of tohecls «2s. 3 sn eee 30” 33 1/2” and 42” 
Dengths over, (OUsferss er.) anon ee oa 55” 5 1/2” 
Length of body. . 62’ 5” 47" 21/2” 4 
Internal width and height of compartments. 8 81/2” x (?) 80 *x8’ 0” 
Type of journal bearings. . ..... - ere Brasses with inserts. 
3. Weight of rail motor car unloaded. . . . Not given. 58 800 Ib. 
In service, fuelled complete (fuel, water, etc.), ae 66 136 lb. 
but without passengers, baggage or mails. 
In service, fuelled complete, and with max- os ae “re 
imum load of passengers, baggage and 
mails: . 


In each of the above cases give distribution 
of weight on each acale. 

Weight (light) of engine alone when it con- a Not given. 
stitutes a separate chassis. 


4, What classes are provided?. . . .. = Not given. Two classes. 
Seating accommodation for each class (ats ~ 2nd class — 12 seats. 
diagram). { 4th class — 39 seats. 
Size and maximum load capacity of baggage Ae SAL Bros 
compartment, 4500 |b. 


Size and maximum load capacity of mail 
compartment, 
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South African. 


New Zealand 
Government. 


Western Australian 
Government. 


Tasmanian Government. 


re 


Steam : 
3 axles — 2 cars. 


Petrol-mechanical : 
2 axles — 2 cars 
(27 0”). 

3 axles — 9 cars 
(3’ 6” gauge). 


60 H. P. petrol-mech. 
22 


1 
Nil. 
3 6” 
ease Gna 
4 3’ leading-bogie. 
34” dvg. 241/2’’ bogie. 
37’ 

8’ 9’ x7’ 0” approx. 
Metalled brasses— 
driver. 
Roller—bogie. 

29 350 lb. 


Bogie axles 7 740 lb. 
Dvg. » 13870 lb. 


36 850 Ib. 


Bogie axles — 9 290 lb. 
— 18 270 lb. 


Dvg- » 


see 


Nil. 


Two classes. 


|ist (European)— 24 seats. 


| 2nd (native) — 15 seats. 


6’ x8’ 9’ 


Storage battery : 


120 H. P. —1 car. 


100 H. P. steam. 
e3ey 


——E—— 


Clayton. 


2 
3 6” 
48’ 3”’ 

7 0” driving. 
5’ 6” trailing. 
42”, and 30 1/4” 
57’ 6” 

49’ 8” 

U igen siatoren we ie 
Roller. 


39 200 Ib. 


54 880 Ib. 


Not given. 


2nd class only. 
56 seats. 


Petrol-mechanical : 


2 axles, 40 H. P.— 2 cars. 


100 H. P. steam. 
24 


Sentinel. 


Oe 6 
36’ 10” 

6’ 6” driving. 
6’ 0’’ trailing. 
31 1/2” 
6411/4” 

58’ 6’” 

8’ 23/8) x8" 0” 
Plain brasses. 


64 288 lb. 


71 008 Ib. 
Dvg. 21112 Ib. 
Tig. 14392 lb. 

82 768 lb. 
Dvg. 23744 lb. 
Tig. 17 640 lb. 


Nil. 


2nd class only. 
56 seats. 


9 11/2x8 23/8” 
2 800 Ib. 


Petrol-mechanical : 
2-4-2 type — 5 cars. 


2-bogie, 75 H. P.— 2 cars. 


100 H. P. petrol-mech. 
25 


ee SS 


2 
Nil. 
3° 6” 
33 
5’ 0’ both bogies. 


3507 
a6" 
87 <7? 4”? 
Timken roller— 


motor bogie. 
Loco. type—trailer bogie. 


32 000 Ib. 


42 300 lb. 


Nil- 


Two classes. 


1st. class — 21 seats. 
2nd class — 23 seats. 
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Name of railway . 


Type of car. - 
* 1 


5. Size and position of engine compartment. 


Size and position of driver’s compartment or 
compartments . 


6. For trailer purposes, are standard vehicles 
used, or has specially constructed stock 
been adopted ? 


Give particulars of weights, accommodation, 
and seating arrangements. 

Is any provision made for smoking, either im 
motor cars on trailers. 


7. Are rail motors fitted with standard buffers 
and: couplings ? 


Will the same answer apply to specially con- 
structed trailers ? 


8. Braking methods. 


Continuous braking (srortl’ the eee 
Screw brake : 


Lever brake. 

Steam brake 

For each braking apparatus ‘please state if it 
acts on all the wheels of the car or on part 
only. 

What percentage of brake power is provided 
in the main braking apparatus ? 

9. Heating system of rail motors and trailers 

and how controlled 

Lighting system for car, head, and tail lights. 


10. Jf the weight of R.M. is limited in any way 
by condition of track or bridges, please 
give: 

Maximum permissible axle load.” 

Weight of rails per yard. 

Length of rails. - 

Number of supports (sleepers-ties) for each 
rail length, 


ll. Approx. light weight of standard type ve- 
hicle, which most closely resembles the 
R.M. in respect to comfort, good riding 
and carrying capacity. 


Nigerian. 


Sudan Government. | | 


100 H. P. steam. | 


100 H. P. steam. | 
20 | 


21 


Ol L/2e cao 
At front. 


In engine compartment 
and cabin at opposite 
end—3’ 0’ x8’ 0’. 


No trailers, No trailers. 


No restriction on 
smoking. 


Yes. 


No regulation. 


Not given. Vacuum. 


Yes. At each end. 
Operates on nearest 
bogie only. 


All wheels. 
Not given. 


None. 


Electric, from axle 
generator. 


Axle load 11 tons for 
rails 50 lb. per yd, 30 ft. 
Sleepers, 12 per length. 


*, 


| 


South African. | 


60 H. P. petrol-mech. | 
22 


a 


676 1/2" x8’ 9”. 
In front over leading 
bogie. 


Tn engine compartment 
only. 


No trailers 


Smoking apparently 
permitted. 


Buffers not fitted. 
Provision for emergency 
coupling only. 


Westinghouse air on 
drivers only. 


Worm and quadrant hand 
brake on bogie 
wheels only. 


100 % with air. and 
hand brakes together. 


None. 
Elec. car lights from 
axle generator. 


Head and tail from 
ignition system. 


No limitation. 


39 000 lb. 


505 
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New Zealand 
Government, 


100 H. P. steam. 
23 


TOM STB 
At end pivotted on 
engine bogie. 


4 0° x7 8” 


At engine end only. 


No trailers. 


Yes, in motor car. 


Yes. 


Steam. 


Yes. 
Yes. 


All wheels. 


None. 


Electric, from axle 
generator. 


No limitation. 


Western Australian 
Government. 


100 H. P. steam. 
24 


9’ 9’ x 8’ 2.3/8”. 

In front over dvg. bogie. 
Houses boiler ; 

engine under car. 


Tn eng. compt. Cabin 
at opposite end. 
4°0” x8’ 23/8”. 

Both. Standard (3 in all), 

light weight 48 160 Ib. 
Seats 82, 2nd class. 
Special (1 only). 

Light. wgt. 6 384 Ib. 
Seats 20, 2nd class. 


Yes, both in motor 
and trailers. 


Yes. 
Yes. 
Vacuum, 


Yes. 


All wheels. 


67 % on“ driving and 
64 % on trailing. 
None. 


Electric, from axle 
generator. 


No limitation. 


4° 160 Ib. 


a EEEEEEEEEESEE! 


Tasmanian Government. 


100 H. P. petrol-mech. 
re) 


None. Located beneath 
floor in centre. 


Cabin at each end. 
2’ 4” x3’ 0” approx. 


Only one trailer — special 
Timken roller bearings. 
Pass. type loaded wet. 
24 276 lb., 41 seats. 


Baggage compt. 
8’ x4 0” approx. 
Yes. 


No. 


No. 


Westinghouse air. 


Yes. 


All wheels. 


Not given. 


None. 


Electric. 


No limitation. 
Axle load, 13 tons. 
Rails, 63 lb. per yd, 

40 ft. 


On main lines. 
29 120 lb. 
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ret 


New South Wales 
Government. 


Name of railway . New York Central. 


Gas-mechanical : 
175 H. P. — 10 cars. 
Nil. Gas-electric : 
250 H. P. — 17 cars. 
(All roller bearings). 


ee 


Type of car . 100 H. P. petrol-mech. 


Brief particulars of cars other than those listed 
below . ARE ath Se OS, vce VON fA 


Type, horse-power and number . 


fab ok hoa abc 500.H. P. gas-elec. 
1 26 27 
1. Number of 2-avle cars. . .-. « 
> 8-azle cars. Ces: Teer ate Ss 
> 2-bogie (truck) cars. ... . 37 6 
> articulated cars . : 


2. Diagrams of rail motor cars (elevation and 
plan), preferably to scale or 1: 100 for 


each class of car mentioned in (1) above. . Steel underframe. 


Following information should be given : Wood body. : 
Number of motor avles. . . « « » = « « 1 4 
Number of coupled avles. . . ..... Nil. oe 
Gauge of track 4 81/2” 4’ 81/2” 
Total wheel-base . 33’ 6” 61’ 41/2” 
Distance between centres ae singe Citak ar 5’ 0” each bogie*. 8’ 0” front. — 7’ 9”? rear. 
Diameter of wheels . 25” and 32 1/2” 33” 


Length over buffers. Oe Ags,” Sepa 44 8” 75° 6 3/4” 
Length of body. . .-°. oe 42 150% 
Internal width and height oF cLaincemenin 8’ 10” x7’ 51/2” 9567 5cShane 
: Plain brasses. 
Type of journal bearings (Lear SKF veller) A. R. A. brass. 
3. Weight of rail motor car unloaded . 4 32 900 Ib. 156 000 Ib. 

In service, fuelled complete (fuel, water, etc.), 34 000 Ib. 160 000 Ib. 
but without passengers, baggage or mails. Ldg. axle 8 675 lb. 

: Dvg. » 9125 lb. 
Each tlg. axle 8 100 Ib. 

In service, fuelled complete, and with maa- 42 900 Ib. 185 000 Ib. 
imum load of passengers, baggage and .,| Front axles — 52 500 Ib. 
mails . Rear » — 40000 lb. 

In each of the above cases give distribution 
of weight on each aale. 

Weight (light) of engine alone when it con- Nil. Nil. 


stitules a separate chassis. 


4. What classes are provided?. . . . - 


Seating accommodation for each class S gwe 
diagram). 

Size and mawvimum load capacity of baggage 
compartment, 


Size and maximum load capacity of mail 
compartment, 


* 5 cars have bogies with 5’ 6”’ centres. 


Two élasses. One class only. 


1st class — 21 seats. 31 seats. 
2nd class — 24 seats. 
9’ 4 3/4 x8” 10” 99” 4”’x9’ Gg? 
4000 Ib. 15 000 Ib. 
17° 1° x9°.6” 
5 000 Ib. 


——————————— ss oertC eC rr S——~—~— 


a 
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Name of railway. . Siig a ME Re 


5. 


Size and position of engine compartment. . 


Size and position of driver’s compartment or 
compartments. 


. For trailer purposes, are standard vehicles 


used, or has specially constructed stock 
been adopted ? : 


Give particulars of weights, accommodation, 
and seating arrangements. 

Ts any provision made for smoking, either in 
motor cars on trailers. 


. Are rail motors fitted with standard buffers 


and couplings? . . ». + + © © «8 
Will the same answer apply to specially con- 
structed trailers ? 


. Braking methods. 


Covitinuous braking (specify the system): 
Serew brake 


Lever brake. 

Steam brake Roscoe feted ie 

For each braking apparatus please state if it 
acts on all the wheels of the car or on part 
only . 

What percentage of brake power is provided 
in the main braking apparatus ? 


. Heating system of rail motors and trailers 


and how controlled. 
Lighting system for car, head, and tail lights. 


. If the weight of R.M. is limited in any way 


by condition of track or bridges, please 
give: 
Mavimum permissible axle load. 
Weight of rails per yard. 
Length of rails. 
Number of supports (sleepers-ties) for each 
rail length. 


. Approw. light weight of standard type ve- 


hicle, which most closely resembles the 
R.M. in respect to comfort, good riding 
and carrying capacity. 


New South Wales 
Government. 


None. Located beneath 
floor in centre. 
Cabin at each end 
3 10’x 3’ 11/2”. 


Specially constructed. 
Two types. 
Pass. — Weight 
25 750 Igt., 40 750 loaded. 
Seats : 
12—1st class, 
20—2nd class. 


Baggage—weight 8 175 lb. 
lgt.—11 200 Ib. loaded. 
In trailer only. 


No. 


Yes. 


Westinghouse St. air. 


Geared chain hand brake 
(operates on nearest 
bogie only). 

No braking on driving 
wheels. 


On three pairs of 
wheels only. 


75 % light weight. 
None. 


Elec., car and head lights. 
Oil, tail lights. 


No limitation. 


50 000 Ib. 


New York Central. 
15’ 10’? x9’ 6” at: front. 
In engine compt. only. 


Standard. 
Light weight 137 000 lb. 
82 seats. 
Also special light wgt. 


43 000 lb. 
60 seats. 
In rail motor car. 


No. 


Yes. 


Westinghouse A. M. L. 


All wheels. 
.100 % light weight. 


Hot water, manual 
control. 


Electric. 


No limitation. 


107 000 lb. 
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Part III. Ai 
Name of railway .:-:; . . .. eI Baltimore and Ohio. Boston and Maine. | 
TUDE SOTACOT, meee ee he. meee ee I | 600 H. P. ge -electric. 275 H. P. gas-electric. 
1 3 


a ee ee ee eee 


1. Steam boiler, particulars and description. . se oe 
Ze BNGUNE Sous. ecco b whee ee Ee ee cs Two Stirling Viking. Winton 120. 
Wamben ‘of cylinders. a. =. usec es 6 each. 6 
Borexand) StvOhes <. sale u.mecia emt) =) Fei W fly Aes dh) Ti/22c8ai2e 
Botler pressure (for steam). . . . =. . - eae ee 
Mean effective pressure . . + => «5 : « as 90 Ib. p. sq. in. 
Papo; Of FOUTECY CLES =e & oe Nemo ta Fea ae 4-cycle. _ 4-cycle. 
Rated horse-power . . . oem ay re 300 H. P. each. 275 H. P. 
Brake H. P. at governed Roe —rp.m- . . [300H. P. at 1100r. p.m. | 275 H. P. at 1050 r. p.m. 
Maximum B. H. P. at — 7. p.m. . « sae eee 
Fuel consumption — lb. per B. H. P. poe at: 
De Normal outputy: . Msaee eh xct cates Not given. Not known. 
b) Maximum output . 9. . 2. 1. 2 ee eee eee 
Fuel : 
a) Physical properties. . . .... . Gasoline. Standard American gas. 
hb): Specie graisty.. we see cae, GF ee 0.745 
Cc). Viscosity sige et: me. Son cieer-ete ot ees ter 4 ase nae 
d) Distillation ranges,ete. . . . . =. . U. 8. Government First drop 102° F. 
Spec. 2D. 50 % 261° F. 
Tech. paper 323 B. End point 394° F, 
95 % recovery. 
e) Calorific value (B.T.U. per 1b. for so- =, ay Not given 
lids and liquids; B.T.U. per cubic foot 
for gas). 
Lubrication ‘system. . 2 3 ss et ys Pressure. Pressure-dry sump. 
Lubricating oil, physical properties. . . . National 2-B, Mobiloil B or equivalent. 
Sp. gr. 0.9155" 


Flash 465° F; F 
Vise. at 210°=91 sec. Say. 


Auwiliaries : 

a) (I) fuel, (II) oil strainers; . . . . (I) None. (II) Yes. (I) Yes. (II) No. 

b) Air cleaners .. . Pe, eae ee, Yes. Ne 

ce) Carburettors or fuel ietticn Le Laas Zenith carburettor. Zenith U. 8. 52 

carburettor. 

di) onttion:., sa hee Lee oy ee Scintilla magneto. Bosch magneto. \ 
2) Cooling syatents 55 2, aces Maree te Water, roof radiators. Water. with fan. 

tf) CU ON, CtOie P= Anes, Soe a ee ee None. None. 


ee 
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echnical. ‘ 

——— eee 

| Gulf Coast and Internat. 
Great Northern. 


| Chesapeake and Ohio. Great Northern. 


| | 


nn TO al 


Central of Georgia, 


90 H. RB gas-mechanical. 
4 


Continental 14. Hall Scott 350. = Winton. 
6 oa. 6 6 
41/2” x5 3/4” Melipae seg! 9” x12” 71/4x8” 
4-cycle. 4-cycle. 4-cycle. 4-cycle. 
92. H..P. PF fae Sle ed 400 H. P. 220 H. P. 
92: H. P. at 1500 r. p. m. | 275 H. P. at 1 050 r. p. m. No tests. 225 H. P. at 1059 r. p. m. 
102 H. P. at 1800 r. p. m. | 300 H. P. au 100r. p. m. 
Not given. Not given. No tests. Not given. 
; | 
| Gasoline 0.753 gravity. High anti-knock Flash 250° F. 
rating, preferably cracked. Fire 280 F.° 
oe 0.874 at 60°F. 
cae L sie 57 sec. Say. at 70° F. wins 
Not given. First drop 104° F. Not given. 
50 % 275° FP. 
End point 410° F. 
95 % recovery. 
Not given. , Not given. 
Pressure. Pressure and splash. Pressure Jubrication Pressure. 
4700 F. flash, 45° F. pour 470° F. fire, 10° F. pour Not given. 
points, 0.905 gravity. point, 0.8% carbon, vise. at 
mV Isc: 2100 F. = 90-95 secs. Say. 
104° F. = 960 secs. Say. 
140° F. = 367 » » 
210° F.=97-101 » » 
Reyer (EE)... (I) — (IL) Felt lined. Fine mesh screens. (I) Yes. (IL) Yes. 
an None. Or None. 
Carburettor. Zenith Solid injection. Carburettors. 
carburettors. 
Magneto. Magneto, Bosch dual. Compression ignition. Magneto. 
Water. Water with radiators Water cooling with motor Water, radiators 
and fan. driven fans. and fans. 
Multiple dry disc. None. None. None. 


~~~ 


275 H. P. gas-electric. | 


= 


400 H. P. oil-electric. 
6 


220 H. P. gas-electric. 
7 
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Name of ratlway. “© a. 2. oe =o eee Baltimore and Ohio. Boston and Maine. 


Typesoprear eee. ss ee ee fe eee (OOO He De. egas-elecnric. / 275 H. P. gas-electric. 
a SS SS eee EE eee 2 3 


3. Gas producer, particulars and description, 
and method of working; including scrub- 
bers, gas cleaners, starting blower, etc. 


4. Electric accumulator : 
Acid or alkaline. 
Number, type, size and capacity of cells. 
Weight of battery. 
Normal charging rate. 
Maximum charging rate. 
Maximum discharge rate, etc. 


5. Hlectric generator (petrol or oil- eae 


Rating. 210 kw. 180 kw. 


Shunt. Differential field. 


Separately excited. Separately excited 
from Integral exciter. 


Flexibly coupled. Steel discs. 


Sustem of field wiring . 
Self or separately eacited. 


Attachment to engine, etc. 


6. Gear Poa 


Description and arrangement 
pe i available 


7. Final drive—Mechanical transmission : 
Description and arrangement 
Drawing if available 
Gear ratio 


Four 250 H. P. Two 150 H. P. 
Nose. Nose. 
Spur. Spur. 

55: 24 57 22 


8. Motors—Electric transmission : 
Number and rating . 
System of suspension . 


Direct, spur gear, bevel gear, or worm drive. 
Gear ratio, ete. 


9. Control—Mechanical transmission : 


Single end or double end control . Single. Double. 


Arrangement for reverse running . 
Full description of the control system . 


Equipment of control cabin remote from en- 
gine. 


ace Duplicate of front end. 


= ae 
a 
: 


| 


514 
XI—6t 


EE 


2 : Gulf Coast and Internat. 
Central of Georgia. Chesapeake and Ohio. Great Northern, Great Northern. 
90 H. P. gas-mechanical. 275 H. P. gas-electric. 400 H. P. oil-electric. 220 H. P. gas-electric. 
5 6 


Ceeeeee ee LEER 


185 kw. West. type 447 D. 8, (2 ee 
; 550 volts. 
Compound. Compound. 600 v., 160 kw. 
Separately excited from Separat: it Compound. 
| Integral exciter. eat ta ated Separately. 
| Both direct connected Th h metal Direct. 
and flexibly coupled. Sp ones ‘ 
Not given. 
Not given. 
West. 585 A. 2. G. E. 
Two 150 H. P. Two 525 v., 245 H. P. Two 600 v., 90 H. P. 
Nose suspension. Nose suspension. Nose suspension. 
Spur. Spur. Spur. 
62: 19 56: 20 57: 18 


Not given. Single. Single. Single. 


10. 


ye 


13. 


14. 


5412 
XI1—62 


Name of railway 


Type of car . 


Control—Electric transmission : 


Full description of system, of control adopted, 
whether engine speed, generator field, mo- 


tor connection, rheostatic, or a combination | 


of one or more of the above. 


Is provision made for multiple unit control ? 


Auciliary equipment : 
Provision for starting engine 


Power for train lighting, heating, etc. 


Power for continuous brake system . 


Electric accumulator (for car types other than 
battery cars). 


. Amount of fuel and water which can be carri- 


ed on the rail motor : 


Provision made for supply of fuel and water 
or for recharging accumulators : 


a) At depot stations 
b) Bn route. 


Safety precautions taken in the event of : 
DUPE trckrctsy Por ea ena, a Sot a eee 


Disablement en route 


Information regarding most difficult service 
worked with rail cars. 


Baltimore and Ohio. 


600 H. P. gas-electric. 
2 


Torque control. 
(See Gt. Northern). 


Electric through 
main generator. 


Battery charged 
from exciter. 
Hot water. 


Not given. 


16 lead cells, 
300 A. H. capacity. 


415 Imp. gals. petrol. 
310 » water. 


Underground tanks 
and pumps. 


oro 


Fire extinguisher. 


M. and K, Junction 
to Morgantown ; 
Heavy grades 
approximating 1.5 % 
for 12 miles 
in one direction 
and 15 miles 
in other direction. 


Boston and Maine. 


275 H. P. gas-electric. 


3 


Differential winding 
in exciter field 
through which main 
current passes, 
cutting down voltage 
as load increases. 


No. 
Electric and air. 


Battery charged 
from exciter. 


Motor-driven 20-c. ft. 
compressor. 


| 16 Exide MVAH 13 cells. 


210 Imp. gals. petrol. 


Underground tanks 
and pumps. 


Water and tetrachloride 


extinguishers. 


eee 


(Note: Grades shown on 
diagrams do not agree 
with those calculated 
from elevations and 
distances. ) 


Specifications supplied. ase 


* 
] 


ee 


ee 
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Central of Georgia. 


90 H. P. gas-mechanical. 
4 


Not. given. 


42 Imp. gals. petrol. 


No particulars. 


None. 


Pyrene extinguishers. 


Chesapeake and Ohio. 


275 H. P. gas-electric. 
ne 


3 cars, torque control 
( Westinghouse). 
3 cars, differential field 
control (G. E.). 


No. 


None (2). 


Generator and 
batteries. 


Motor-driven 
compressor. 


330 Imp. gals. petrol. 
85 >» » water. 


Fuel tanks and pumps. 


None. 


Foamite extinguishers. 


| 


Great Northern, 


400 H. P. oil-electric. 
6 


Torque control. 

A torque (voltage) relay 
actuated by auxiliary 
generator voltage weakens 
or strengthens the 
generator shunt field 
when H. P. reqd. to drive 
generator is greater or less 
than engine can deliver. 


No. 


Air and electric. 


Auxiliary generator. 
Hot water boiler. 


Motor-driven 
35-cub. ft; compressor. 


None. 


500 Imp. gals. petrol. 


Fuel storage tanks. 


Shut off fuel, 2 or 3 fire 
extinguishers. 


Two 400 H. P. petrol- 
electric cars each handle 
2 trailers weighing loaded 
137 500 lb. and 101 800 1b. 
Weight of train 377 300 lb. 
One train does 101/2 miles 
in 30 mins., including 
11/2 miles of 1.5 to 1.65% 
grade and 3 miles of 0.5 

to 0.64 % grade. 
Speed on maximum grade 
is about 12 m. p. h. 


No detailed specifications 
supplied to builders. 


| 


Gulf Coast and Internat, 
Great Northern, 1 


220 H. P. gas-electric. 
ah 


G. E. K. 76. 
Generator field 
(differential). 


No. 


- 


Air and electric. 


Generator. 


Motor-driven 
compressor. 


Yes. 


167 Imp. gals. petrol. 


None (?) 


514 
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| 
| 
| Name of railway 


Type of- car. 2 . « + 


1. Steam boiler, particulars and description . 


Zn ENGINE <i eae |S 
Number of cylinders 
Bore and stroke . é 
Boiler pressure (for steam) . 
Mean effective pressure 
Two or four-cycle. 
Rated horse-power Seis eS 
Brake H. P. at governed tees — rr. p.m. 
Maximum B.H, P. at — r. p.m. : 
Fuel consumption — lb. per B. H. P. hey at s 
a) Normal output 
b) Maximum output 
Fuel : 
a) Physical properties . 


b) Specific gravity . 
c) Viscosity . 
d) Distillation ranges, etc. 


e) Calorific value (B.T.U. per 1b. for so- 
lids and liquids; B.T.U. per cubic foot 


for gas). 
Lubrication system . E 
Lubricating oil, physical properties . 


Auwiliaries : 
a) (I) fuel, (II) oil strainers . 
b) Air cleaners PARES 
c) Carburettors or fuel injection . 


d) Ignition . 
e) Cooling system 


f) Clutch, ete. 


Zs Missouri- Pacific. 


| 220 H. P: Gees 


E. M. type 106 A. 
6 


71/4x8” 


. 4-cycle. 


220 H. P. at 1050 r. p. m. 


Not given. 


Gasoline. 


Not given. 


Pressure and splash. 


(1) Yes. (II) 


Stromberg carburettor. 
Dual magnetos. 
Water, front radiators 


and fans. 
None. 


Missouri-Kansas 
and Texas. 


200 H. P. gas-electric. 
° 


Se AS EST > S i 


Winton. 
6 
Wie ? x 3’ , 


4-cycle. 
200 H. P. 
175 H. P. at 1000r. p. m. 


Not given. 


Gasoline. 


Not given. 


Pressure. 


National 2—B. 
Visc. 210°= 105 secs. Say. 


(1) — (IL) Stromberg. 


Zenith U. 8. 52 
carburettor. 


Bosch Z. R. 6 magneto. 


Water with roof and 
front radiators. 


None, 


: : , : 


l 
Minneapolis, St. Paul 
| and Sault Ste. Marie. 


eee UE Unt aInI E SSS 


~ 600 H. P. gas-electric. 


175 H. P. gas-electric. 
10 


4-cycle. 
175 H. P. 


No record. 


Gasoline. 
Not given. 


No record. 


Pressure lubrication. 
Not given. 


(1) Yes. (II) Yes. 
No. 
Carburettor. 


Magneto. 
Water. 


None. 


. IvV—15 


175 H. P. at 900 r. p. m. 


543 
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New York, New Haven 
and Hartford. 


250 H. P. gas-electric. 
ll 


| 


Winton. 
6 
71/4 x8” 


4-cycle. 
250 H. P. 


Not given. 


Vapour tension not 


10 % betwn. 122° F. 
and 176° F. 
50% over 284° F. 
End point 437° F. 
95 % recovery. 


Not given. 


Pressure. f 
Sp. gr. at 60° 0.899. 


Vise. at 210° F.= 
103 secs. Say. 


(1) Yes. (II) Yes. 


Carburettors. 


Magneto usually, 
some battery. 


Water, with radiators 
and fans. 


None. 


250 H. P. at 1100 r. p. m. 


greater than 10]b. p. sq. in. 


Flash 490° F. Pour 10° F. 


Northern Pacific. 


| 600 H. P. gas-electric. 
12 


cee n snes 


Two Winton No. 146 D. 
6 each. 
872107” 


4-cycle. 
300 H. P. 


312 H. P. 


Vapour tension not 


First drop 131° F. 

50 % over 284° F. 

End point 437° F. 
95 % recovery. 


Not given. 


Pressure lubrication. 


Standard oil special 
heavy polarine. 
140° F. = 353 secs. Say. 
180° F. = 150 » » 
9000F. = 79 »  » 
(I) Yes. (IL) Yes. 
None. 
Carburettors. 


Battery. 
Water cooling, 


roof radiators. 
None. 


300 H: P. at 900 r. p.m. 


greater than 10]b. p. sq. in. 


Reading. 


13 


Two Hall Scott 350. 
6 each. 
71/2” x9” 


91 Ib. p. sq. in. 
4-cycle. 
500 H. P. 
500 H. P. at 1100 r. p. m. 
530 H. P. at 1100 r. p. m. 


0.65 Ib. 
0.65 lb. 


First drop 98° F. 

50 % over 256° F. 

End point 388 F. 
95° recovery. 


20 500 B. T. U. per lb. 


Pressure. 
Three grades; Flash 
425° F.; Pour 350 F. 
Vise. at 210° F, = 65, 75 
and 100 secs. Say. 
Sp. gr. about 0.88 
(I) Yes. (II) Yes. 

Yes. 

Carburettor. 


Spark. 
Water with radiators ' 


and fans. 
None. 


BAG 


XIJ—66 


Name of railway 


Type of car. 


Missouri- Pacific. 


220 H. P. gas-electric. 
8 


Missouri-Kansas 
and Texas. 


200 H. P. gas-electric. 
9 


3. Gas producer, particulars and description, 
and method of working; including scrub- 
bers, gas cleaners, starting blower, etc. 


4, Electric accumulator : 
Acid or alkaline. 
Number, type, size and capacity of cells. 
Weight of battery. 
Normal charging rate. 
Maximum charging rate. 
Maximum, discharge, rate, etc. 


5. Electric generator (petrol or oil-electric): 


Rating. . : 
System of field wiring . 
Self or separately excited. 


Attachment to engine, ete. 


6. Gear box: 
Description and arrangement 
Drawing if available 
Gear ratio 


7. Final drive—Mechanical transmission :; 
Description and arrangement . 
Drawing if available 
Gear ratio 


8. Motors—Hlectric transmission : 
Number and rating . 
System of suspension . 


Direct, spur gear, bevel gear, or worm drive. 
Gear ratio, etc. 


9. Control—Mechanical transmission : 
Single end or double end control . 
Arrangement for reverse running . 
Full description of the control system . 
Equipment of control cabin remote a i en- 
gine, Sep es RL hy IBS é 


G. E. 


700 v., 160 kw. 


Separately ioe 11/2 kw. 


Integral exciter. 
Direct. 


i, 
G. E. 240 E. 
Two 600 y., 110 H. PP. 


ite end. 


Multiple commutating 


pole. 
700 volts. 


Separately. 


Direct. 


G. E. 240 E. 
Two 600-volt. 
Bar (nose) suspension. 


Spur. 
57: 18 


Single. 


517 
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Minneapolis, St. Paul New York, New Haven 


and Sault Ste. Marie. * and Hartford. 


a Eee 
. Reading. 


Northern Pacific. | 


175 H. P. gas-electric. | 250) EER: gas-electric. 600 P. H. gas-electric. 600 P. H. gas-electric. 
10 ll 12 13 


Lee eee 


W. E. and M. Co. 


2 type 182. 
100 kw. 160 kw. oo 210 kw. 
15 Shunt. Compound Compound. 
Separately. Separately. Separately. Separately. 
Direct. Flexibly coupled. Direct connected. Fibre discs. 
Two 75-H. P. Two 140-H. P. Four 150-H. P. Four 150-H. P. 
Nose. Axle hung. Spring cushioned Nose. 
. on bolster brackets. 

Spur. Helical gear. Spur. Spur. 

67: 18 58: 19 b2e0t9 52: 19 

Double-end. Single. Double. 


Duplicate of front end. 


Duplicate of front end. 


Ne ee 
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Name of railway 


Missouri-Pacific, . | 


Type of car. 


10: 


1 


Control-Electric transmission : 

Full description of system, of control adopted, 
whether engine speed, generator field, mo- 
tor connection, rheostatic, or a combination 
of one or more of the above. 

Is provision made for multiple unit control ? 


. Auxiliary equipment : 


Provision for starting engine 


Power for train lighting, heating, etc. 


Power for continuous brake system . 


Electric accwmulator (for car types other than 
batiery cars). 


. Amount of fuel and water which can be carri- 


ed on the rail motor : 

Provision made for supply of fuel and water 
or for recharging accumulators : 
a) At depot stations 


b) En route. 
. Safety precautions taken in the event of : 


Disablement en route 


. Information regarding most difficult service 


worked with rail cars. 


220 H. P. gas-electric. 
8 


Generator field and motor 
connection. 


No, 
Electric, air and hand. 


Battery from 
exciter 
Hot water (Vapor 557). 


C. P. 127 A motor-driven 
compressor 600 v., 
20 cu. ft. per min. 

Edison 16 cell, 
32 v., 150 A. H. Cap. 


167 Imp. gals. petrol. 


Terminals only. 


Fire extinguishers. 


Missouri-Kansas 
and Texas. 


200 H. P. gas-electric. 
9 


Engine speed and motor 
connection. 


No. 


Hand, air and electric. 


Battery charged by 
exciter. 


Motor-driven 
compressor. 


Not given. 


125 Imp. gals. petrol. 


At running sheds. 


2 Pyrene extinguishers. 
None. 


———————EEE eee en 


5419 
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Minneapolis, St. Paul 
and Sault Ste. Marie. 


| 175 H. P. gas-electric. 
10 


5: Sn nn «SLL 


Engine speed and 
motor connection. 


No. 


Hand and air. 


Battery. 


32 volts, 150 amps. 


i 


|| 366 Imp. gals. petrol. 


None. 


Fire extinguishers. 


Regular trip of 250-H. P. 
| motor with 80 000-lb. 
| |trailer on grade of 1 mile 
jof 2.2 % series connection 
used for motors. 


| N. Y., N. Hand H. 
specifications used. 


New York, New Haven 
and Hartford. 


250 H. P. gas-electric. 


Il 


Engine speed and 
motor connection. 


No. 


Either starter motor, or 

through main generator. 

Battery with charging 
equipment. 


Motor-driven 
compressor. 


Not given. 


133 Imp. gals. petrol. 
54 Imp. gals. water. 


Provision made where 
time is available. 


Fire extinguisher. 


Electro-Motive Co. 
specifications used. 


Northern Pacific. 


600 P. H. gas-electric. 


12 


Engine speed, 
generator field 
and motor connection. 


No. 


Hand, air or 
electric. 


_Petrol-driven generator 
36-v., 2.000 w., 
1350 xr. p. m. 

‘Hot water (Vapor 557). 


Motor-driven 50-cub. ft. 
compressor. 


16 Exide M.V.A.H. 21 
cells, 356 A. H. capacity 
teil re) pee 


470 Imp. gals. petrol. 
130 Imp. gals. water. 


None. 


Three 2-gal. extinguishers 
None. 


Trip between Helena 
and Garrison operated 
by 300-H. P. car. Slight 

falling grade for 
31/2 miles, then 17 miles 
on avge. grade of 

1.86 % inc., 10 miles 

of 2.2 %, then falling 

grade (0.86 %) for 30 
miles. — Avg. speed 
throughout 26.5 m. p. h. 

On 2.2% grade 16 m. p. h. 
Avg. elevation 4 800 ft. 
causing loss of engine 
power of 17%. Full 
output of’ eng. required. 
No trailer hauled; car 
weight (loaded) 153 000 Ib. 


| Specifications supplied for 


ear construction. 


| 
| 


Reading. 


600 P. H. gas-electric. 
13 


Not clearly stated. 


Yes. 


Either starter motor 
or through 
main generator. 


Battery charged from 
main gen. or aux. 
generator. 


Motor-driven 
compressor. 


16 cells, 13 plate 32 v. 
Max. discharge 350 A. 
Normal-charge rate 20 A. 


415 Imp. gals. petrol. 
50-60 gals. water. 


At home stations. 


4 extinguishers. 
No special. 


Trip between 
Trenton and Bound Brook, 
which includes 1 mile 
of 1.1% grade. 
Average speed of 30m.p.h. 
with one trailer. 
Train weight (loaded) 
176 700 lb. 


Specifications supplied. 
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XII—70 
Nameoforaniway. %. % . -sa = Southern Pacific. | Canadian National. | 
DPypexofecara a tele ssa 2 600 H. P. gas-electric. | 400 H. P. oil-electiic. | 
1 15 
a eee eS ee eee 
1. Steam boiler, particulars and description . 
2. Dugas, Ge SF ele ee eee Two Hall Scott 350. 
Number of cylinders . . .... 5.5 + 6 each. 8 
iBoyevandetrokench) <a cles ok ee ne Ua eee 81/4” x12” 
Boiler pressure (for steam) . ake ee 
Mean effectwe pressure . ...... . oe 82 lb. p. sq. in. 
IMINOR KX IN Sa e e Od a de 4-cycle. 4-cycle. 
Rated horse-power . . .- ; ae 500 H. P. 400 H. P.-at 700 r. p. m. 
Brake H. P. at governed os =f. Pane, 300 1. P. at 1100 r. p. m. Me 


Maximum B.H.P. at — r. p.m. 
Fuel consumption — lb. per B. H. P. aie, at. 


2) Normaloutpwt, of fo. oe ea ee Not given 0.4 lb. 
b) Maximum output or 
Fuel : . 
a) Physical properties. . . aa" oo ane. Gasoline. Flash 150° F. cold test. 
b) Specticigravity see olde yams Oe Cea 50° F. below zero 
0.885 
C)i WASCOSIEY awh alon «back ect = Wel aelieeine ae at 100° I’. 60/70 secs. Say. 
d) Distillationranges,etc. .°. .. . . Not given. Initial 400° F. 
25% 500° F. 
e) Calorific value (B.T.U. per 1b. for so- . may 19 000 B. T. U. per lb. 
lids and liquids; B.T.U. per cubic foot 
for gas). 
Lubnoation system 5 = = 2 2. 2 ee Pressure and splash. Pressure. 
Lubricating oil, physical properties. . . . Not given, Flash 400° F., cold 25° F., 
; “ Viscosity at 100° F, =| 
600-700 secs. Say. 


at 212° F.= 70-75 secs. 
Aumiliaries : 


a) (I) fuel, (TI) oil strainers. . . . . ee Basket type 320 mesh. to 
; in. Auto Klean 0.005” 
spacing. 
b) Air cleaners . . . AF ese aA None. 
c) Carburettors or fuel ‘oidetinn Fn ee Carburettors. Solid injection. 
A) Tonition.” 2 Nee ate ak ae ene a he Magneto. Compression ignition. | 
) Cooling system . . . - . » ws Water. Water, natural 


ventilated radiators. 
LP Olu eto” etre eae ee None. None. 


524 
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Japanese Government. 


| Chosen Government. 


100 H. P. petrol-mech. 40 H. P.. petrol. 
16 \ W 


Federated Malay States. 


100 H. P. steam. 
: 18 


East Indian. 


100 H. P. steam. 
19 


Waukesh. 6 R. B. 


6 4 
5” «5 3/4” 
4-cycle. 4-cycle. 


Rae 40 H. P. 
100 H. P. at 1 200r. p.m. | 43 H. P. at 1 200 r. p.m. 
120 H. P. at 1600r. p. m. | 48 H. P. at 1600 r. p. m. 


3 0.58 lb. 
0.68 Ib. 
Not given. Petrol. 
Less than 0.75 
Pressure. Not given. 
Mobilvil. 
(II) Strainer screen. 

None. a8 
Zenith carburettors. Carburettor. 
Battery and magneto. Magneto. 

Water. Water. 


Double plate dry. Multiple plate. 


Sentinel standard, 
coal fired. 


Sentinel standard 
horizontal. 


6 
6” x7’ single acting. 
300 Ib. p. sq. in. 


120 H. P. 


0.35 lb. per ton-mile. 


Cval (local). 


9 600 B. T. U. per lb. 


Detroit lubricator 
for cylinders. 
Pressure pump for shaft, 
ete. 


Sentinel standard 
coal fired. 


Sentinel vertical. 


2 
5 3/4 ~9” 
275 lb. p. sq. in. 


100 H. P. at 500 r. p. m. 


0.35 Ib. per ton-mile. 


Coal. 


12.500 B. T. U. per lb. 


Forced feed to cyls. 
splash to shaft. 


Sp. gr.= 0.900. Closed 
flash 480° F., Visc. at 
9120 F.= 100 secs. Red. 
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SS ree 
Name of railway 2... 3 py = yous ed Southern Pacific. Canadian National. | 
Type of car . : a 600 H. P. gas-electric. 400 H. P. oil-electric. | 
1 14 15 


[ios cca renner escapee reese 


and method of working; including scrub- 
bers, gas cleaners, starting blower, etc. 


3. Gas producer, particulars and description, “ oes 
4. Electric accumulator : 

Acid or alkaline. 

Number, type, size and- capacity of cells. 

Weight of battery. 


Normal charging rate. 


Maximum charging rate. 
Maximum, discharge, rate, etc. 


5. Electric generator (petrol or oil-electric) : West. two type 
181-A-4, 
Rating-) 0 NEURO Sl Sees, 500 v. 420 amp. 700 v. 198 kw. 
System«of field wiring’, . . «9 3. = Compound. ’ Differential field. 
Self or separately excited. . . . . . . . [Separately from Integral Separately excited. 
exciters. 
Attachment to engine, ete. . . . . «© ». Direct. Direct. © 


6. Gear bow : 


Description and arrangement ..... . 
Drawing if availablé . . 3. 1. ws te 
Geny rane, cs 29 ke So te ae ee oe 


7. Final drive—Mechanical transmission : 
Description and arrangement . . 


Drawing if available 


Gear ratio ong t ee pe oe 

_8. Motors—Hlectric transmission : ; Westinghouse 559, E. 2 Westinghouse 548 C-8 
Number and rating}... 27m eae es Four 450 v. 240 A. Four 600 v. 116 H. P. 
System of suspension. . . haat ot saa Nose. Nose. 
Direct, spur gear, bevel gear, or worm drive. Spur. Helical. 


GearsratiaMetowe ney. mote etnies Not. given. 65: 24. 
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Chosen Government. 


Japanese Government. 


Federated Malay States. 


East Indian. 


epee 


100 H. P. petrol-mech. 
16 


ee ew ee e_eeee_ _———| 


Selective gear type. 
Four speed. 


4.75, 4.0, 2.0 and direct.| 4.66, 2.82, 1.65 and direct. 


Reversing type crown 
wheels.and pinion. 


3.00: 1 


TER) me, 


40 H. P. petrol. 
7 


Four speed. 


4.66 


100 H. P. steam. 
18 


Sentinel standard. 
One reduction (totally 
enclosed). 

15 el 


Sentinel standard spur 
gearing from layshaft 
in gear BOx, 
41: 34 


100 H. P. steam. 
19 


Chain drive (2 1/4 pitch 
roller) from engine to 
one axle. 


17; 25 


Name of railway 


524 
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i | Southern Pacific. 


Type of car. 


13. 


14. 


——+ 
i 


Control—Mechanical transmission : 
Single end or double end control . 
Arrangement for reverse running . 
Full description of the control system . 


Bquipment of control cabin remote from en- 
gine. : 


. Control—Electric transmission : 


Full description of system of control adopted, 
whether engiie speed, generator field, mo- 
tor connection, rheostatic, or a combination 
of one or more of the above. 


Is provision made for multiple wnit control ? 


. Auxiliary equipment : 


Provision for starting engine 


Power for train lighting, heating, ete. 


Power for continuous brake system . 


Blectric accumulator (for ear types other than 
battery cars) 


. Amount of fuel and water which can be carri- 


ed on the rail motor : 


Provision made for supply of fuel and water 
or for recharging accumulators : 


a) At depot stations 


b) En route. 
Safety precautions taken in the event of : 
Fire. ie ae 
Disablement en route 


Information regarding most difficult service 
worked with rail cars. 


600 H. P. gas-electric. 
14 


Double-end. 


Duplicate of front end. 


Not stated. Probably 
West. torque control. 


Not stated. 


Prob. air and 
electric. 


From battery (exciters 
45 v., 80 amps.). 
Steam boiler 100 lb. 
p. sq. in. 
2D. H-25 W’house motor- 
driven compressors. 


16,Exide M. V. A. H. 17 
359 A. H. cap. (8 hr.). 


500 Imp. gals. fuel. 
Not given. 


Not stated. 


7 


Not stated. 


Specifications supplied, 
for car construction. 


Canadian National. 


400 H. P. oil-electric. 


15 


———oo aa 


3 


Double. 


Duplicate of front end. 


No. 


Started by generator 
off battery. 

From battery, charged 
by exciter. 


Motor-driven 
compressor. 


64 Exide M. V. A., 17 
Cells 272 A. H. cap. 


(64 volts). 
150 Imp. gals. fuel. 
240 » » water. 


Pumped from barrels 
by hand pump. 


CO, extinguishers. 


Most difficult run has 
maximum grade of 2% 
for 3 miles. 

Average speed on this - 
grade is 20miles per hour, 
Average grade is 0.25 %. 


Specifications supplied for 
car construction. 


‘ 


XI—75 


Chosen Government. 


100 H. P. petrol-mech. 
RG 


Japanese Government. 


40 H. P. petrol. 
17 


Federated Malay States, 


East Indian. 


18 


| 100 H. P. steam. 


100 H. P. steam. 
19 


ee 


‘Double: >. 
Reversing final drive. 


Duplicate of front end. 


No. 
24 v. — Starter 
motor. 
Luce Neville generator, 


24 volts. 


Compressor. 


30 Imp. gals. petrol. 


Pump for petrol. 


| Minimax extinguishers. 


Double. 


12-volt Bosch 
starter motor. 


35 Imp. gals. petrol. 


29 gals. water. 


No details. 


B.S. 8S. 
specifications. 


| Double. 
Reversing engine, 
standard Sentinel 


arrangement of regulator, 


ete. 


No. 


Self starting. 


Axle driven generator. 


Steam ejector. 


2 800 lb. coal. 
450 gals. water. 


Loco. supplies. 


Extinguishers. 


| Double. 

Reversing engine 
regulator, etc. 

Sontrol in each end cabin. 


No. 
Self starting. 


Axle driven generator. 


Steam ejector. 


2 240 Ib. coal. 
300 gals. water. 


Loco. supplies. 


Chemical extinguishers. 


Not available. 
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e 
Namexopraiway . <j Wate > fee ne | Nigerian. Sudan Government, 
Lypesofe com-Ae Ske 2 fe. i ER he ee ie | 100 H. P. steam. | 100 H. P. steam. 
2) 21 


1. Steam boiler, particulars and description. . Sentinel standard. Clayton standard. 
3’ 0” dia.x5’? 10 — 
5/8” high. 
2 Bnying eet «ay ye ene - Sentinel standard. Clayton standard. 
Namober of cylinders’. 1). 2. 2 om < 2 
Boreand aUOke. meh tcale JL ek Oe ae — Te Seley 
Boiler pressure (for steam). . . ... . Se 275 lb. p. sq. in. 


Mean effective pressure 
Two -orfour-cycle. = 1 0 ae 
Rated horse-power 
Brake H. P. at governed speed —r.p.m. . . Bek Not given. 
Maximum B.H.P. at — r. p.m. 
Fuel consumption — lb. per B. H. P.-hour at : 
a) Normal Output. 5S -\seu<e ones te eee Waraeiveus 


b) Maximum output 


Fuel : 


a) Physical properties. . . ..... ae Gaal: 
bh) Specific gravity . : 
c) Viscosity . 

d) Distillation ranges,etec. . .... . 
e) Calorific value (B.T.U. per lb. for so- 


lids and liquids; B.T.U. per cubic foot Not tem 
for gas). 
Lubrication system. . + + + + © + eo J ad Splash for crank shaft. — 


Lubricating oil, physical properties . 


Auviliaries : 
a) (I) fuel, (II) oil strainers *. 
b) Air cleaners 
ce) Carburettors or fuel injection . 
d) Ignition . 
e) Cooling system 
f) Clutch, ete. 
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rn L ooeeem | 


South African. 


SS SESS 


60 H. P. petrol-mech. | 
4 


[wo Hudson car engines. 


6 each. 
51/2” x5” 


4-cycle. 
29.4 H. P. 
90 H. P. approx. 
at 3600 r. p. m. 


Not available. 


Petrol. 


Splash. 


New Zealand Government. 


100 H. P. steam. 
23 


Clayton standard, 
coal-fired. 


Clayton. 


¢ 


Z 
6 3/4” x10” 
230 Ib. p. sq. in. 


62 H. P. 


Coal. 


Splash. 


(I) Yes. (II) Yes. 

| : No. 

Marvel carburettor. 
Battery. 

Water, radiators and fans. 


‘Single disc, cork inserts, 
in oil. 


84 H.P. at 450 r. p. m. 


Western Australian 
Government, 


Tasmanian, 


100 H. P. steam. 


24 


SS ————e—eEeEeEeeEeeEeeEeeEeeEeeeEee————eeel 


Sentinel standard, 
coal-fired. 


Sentinel standard 
horizontal. 
6 
6x7” sgle. actg. 
300 Ib. p. sq. in. 


100 H. P. at 1000 r. p.m. 


Not given. 


Coal. 


11000 B. T. U. per lb. 


Not given. 


Forced. 
Wakefield’s Sentinel. 


(I) —. (II) Yes. 
No. 


100 H. P. petrol-mech. 
25 


Leyland. 


6 
5 1/2”? x61/2” 


4-cycle. 


100 H. P. 


Not available. 


Petrol. 
Not available. 


Pressure. 


Not available. 


(I) No, (II) Yes. 
None. 
Carburettor. 
Battery and magneto. 
Water. 
Hele Shaw wet plate 
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Eee 


Name of railway 


Type of car. 5 
] 


3. Gas producer, particulars and description, 
and method of working; including scrub- 
bers, gas cleaners, starting blower, etc. 


4. Electric accumulator : 


Acid or alkaline. ; 

Number, type, size and capacity of cells. 
Weight of battery. 

Normal charging rate. 

Mazimum charging rate. 

Maximum discharge, rate, etc. 


5. Electric generator (petrol or oil-Blectric) : 


ITS 5 ee tO A 
System of field wiring . 
Self or separately excited. 
Attachment to engine, etc. 


6. Gear bow : 


Description and arrangement 


Drawing if available 


Gear ratio 


7. Final drive—Mechanical transmission : 


Description and arrangement 
Drawing if available 


Gear ratio 


8. Motors—Electric transmission : 


Number and rating . 

System of suspension . er sh es Car 
Direct, spur gear, bevel year, or worm drive. 
Gear ratio, etc. 


Nigerian. 


100 H. P. steam. 
20 


Sentinel. 


Sentinel. 


Sudan Government, 
4 


a en 


100 H. P. steam. ) 
21 


nnn UIT IEEE ESE EIIERE SEER EERE REE EEE 


Clayton standard. 
Crankshaft geared 
to dvg. ‘axle 
(totally enclosed) 


V6 


Coupling rods 
to second axle. 


one 


B29 
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South African. ~ 


New Zealand Government. 


60 H. P. petrol-mech. | 
22 


‘Hudson gear box; unit 
‘onstruction with engine. 


[hree forward and reverse. 


Bevel gear to 

2 independent layshafts. 
| Inverted tooth, silent 

_ chain drives to axle. 


7.18:1 over all. 


1 


Western Australian 
Government, 


100 H. P. steam. 
38 


Clayton model enclosed. 


1.25: 1 


Coupling rods to second 
axle. 


Tasmariian, 


100 H. P. steam. 
24 


Sentinel standard. 


1251 


Sentinel Standard. 


41:34 


100 H. P. petrol-mech. 
25 


4-speed clash type. 


Reversing type 
crown wheels and pinion} 
on two axles. 


530 


XI1—80 


Name of railway 


Nigerian. 


Type of car. 


9. 


Control—Mechanical transmission : 
Single end or double end control . 
Arrangement for reverse running . 
Full description of the control system . 


Equipment of control cabin remote from en- 
gine. 


. Control—Electric transmission : 


Full description of system, of control adopted, 
whether engine speed, generator field, mo- 
tor connection, rheostatic, or a combination 
of one or more of the above. 


Is provision made for multiple unit control ? 


. Auviliary equipment : 


Provision for starting engine 
Power for train lighting, heating, ete. 


Power for continuous brake system . 


Electric accumulator (for car types other than 
battery cars). 


- Amount of fuel and water which can be carri- 


ed on the rail motor : 


Provision made for supply of fuel and water 
or for recharging accwmulators : 


a) At depot stations 


b) En route. 


- Safety precautions taken in the event of : 


Cs Mk i EN le ee ee A Oe 
Disablement en route 


. Information regarding most aide fee service 


worked with rail cars. 


100 H. P. steam. 
20 


Double. 


Duplicate of front end. 


Self starting. 


Not given. 


Sudan Government. 


100 H. P. steam. 
21 


Double. 
Reversing steam engine. 


Regulator, reversing gear, 
vacuum brake and ejector 
can be operated 
from either cab through 
push pull rods. 


Engine is self starting. 


Stone’s A. Z. axle-driven 
generator. 


Steam ejector. 


24 cells 9-plate 
standard Tonum. 


1120 Ib. coal. 
550 gals. water. 


Loco. supplies. 


Chemical fire. exting.. 


y 


$34 
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South African. 


| 60 H. P. petrol-mech. 
22 


—— 


Single. 
In gear box. 


Independent controls 
for each engine 
on either side of driver. 


No. 


Electric or hand. 


Ordinary car 
generators. 


Compressor driven 
off one lay shaft. 


Car battery. 


65 Imp. gals. petrol. 
12 gals. water. 


Fire extinguishers. 
Portable telephones. 
Gan ascend grade of 


| 3.3% in top gear with 
| full load at 22 m. p. h. 


| 100 H. P. steam. 


Veet ee eee eS ee 


Double. 
Reversing engine. 


in each end cabin. 


No. 


Self starting. 
Axle driven generator. 


Steam ejector. 


Loco. supplies. 


New Zealand Government. 


Regulatoy, etc., controls Regulator, 


Sufficient for 100 miles. 


Western Australian 
Government, 


| 100 H. P. steam. 
24 


Double. 
Reversing engine. 


etc., controls 
in each end cabin. 


Self starting. 


Axle driven generator. 
(Stone’s). 


Steam ejector. 


2 240 Ib. coal. 
400 gals. water. 


Loco. supplies. 


Chem. extinguishers. 


| Tasmanian. 


2 


| 100 H. P. petrol-mech. 


Double. 


Usual gear lever 
reversing lever, clutch, 
pedal accelerator, etc. 


Duplicate of front end. 


Hand and electric. 
Axle driven generator. 


Compressor driven 
off engine shaft. 


16 v. miniature 
Tonum. 


50 Imp. gals. petrol. 
50 gals. water. 


Underground tanks 
and pumps. 
Containers. 


Chem. extinguishers. 


B.S. S. — or A. C. E. 
§. A. specification. 


Name of railway 


Type of car. 
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New South Wales 
Government, 


100 H. P. petrol-mech. 


New York Central. 


500 H. P. gas-electric. 


| 
| mech. | 


1. Steam boiler, particulars and description . 


2. Bngine = 
Number of cylinders 
Bore and stroke 


Boiler pressure (for ee 
Mean effective pressure 


Two or four-cycle. 
Rated horse-power 


Brake H. P. at governed Spee —— ras Me 
Maximum B. H. P. at — r. p.m. 


Fuel consumption — lb. per B. H. P.-hour at : 


a) Normal output 


b) Maximum output 


Fuel : 


a) Physical properties . 
b) Specific gravity . 


ce) Viscosity . 


d) Distillation ranges, etc. 


e) Calorific value (B.T.U. per 1b. for so- 
lids and liquids; B.T.U. per cubic foot 


for gas). 
Lubrication system . 


Lubricating oil, physical properties . 


Auviliaries : 


a) (I) fuel, (II) oil strainers . 


b) Air cleaners 


c) Carburettors or fuel injection . 


d) Ignition . 
e) Cooling system 


f) Cluteh, ete. 


26 


Leyland. 
6 
5 1/2” x6 1/2” 


4-cycle. 

72) EL. PB. 
90 H. P. at 1000 r. p. m. 
108 H. P. at 1 200 r. p. m. 


0.605 lb. 
0.651 Ib. 


Water white. 
743 


Initial 113° F. 
50 % 246° F. 
End point 592° F. 
97 % recovery. 


19 500 B. T. U. per lb. 


Pressure, 

Sp. gr.=0.909. 
Flash open, 485° F., 
cold 23° F. 

Visc. 100° F.=1 033 secs. 
140° F.=302 secs. .» 
2120 F.=77 secs. Red. 


(I) Auto Klean. 
(IT) ‘Gauze. 


Air taken from inside car 
through gauze. 


Claudel-Hobson 
carburettor. 


Battery and magneto, 


Water, natural ventilated 
roof radiators. 


| Malti dry plate. 


27 


2 engines. 
6 each. 
7 1/4” x8” 


87 lb. p. sq. in 
4-cycle. 
250 H. P: 
250 H. P. at 1100r. p.m. 


0.6 Ib. 
0.65 Ib. 


Gasoline. 


Tnitial 131° F. 
50 % 280° F. 
End point 437° F. 
95 % recovery. 


Pressure. 
Viscosity : 
100° F.=1145 secs; 
210° F.=98 secs. 
« Saybolt », 


(I) Gasolator. (II) Yes. 
Air maze. 
Carburettors. 


Battery or magneto. 
Water, radiators and fans. 


None. 
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New South Wales 


Name of railway . New York Central. 


Government. 
a 
; PEMOMMOGTs fae ee OR eG es | 100 H. P. gas-electric. 500 H. P. petrol-mech. 
1 26 20 


3. Gas- producer, particulars and description, 
and method of working; including scrub- 
bers, gas cleaners, starting blower, etc. 


4. Electric accumulator : 
Acid or alkaline. 
Number, type, size and capacity of cells. 
Weight of battery. ; eee ca 
Normal charging rate. 
Maximum charging rate. 
Maximum, discharge, rate, ete. 


5. Bleetrie generator (petrol or oil-electric) : 


DNR LE ge ET ea Tas a 160 kw. 
System of field wiring. . . . 1 1. -. see Differential field. 
Self or separately excited. . . . . . . - re Separately excited. 
Attachment to engine, etc. . » - + + = + 2 oo Direct. 


6. Gear box: . 


Description and arrangement . . . . + - 4-speed clash type. 
Drawing if available . . . . 1. 1. + + No reverse, otherwise 
orthodox. 
- | eee ew et se 44D, 2.55, 1.6 and direct. 
P] | 7. Final drive—Mechanical transmission : 
[ Description and arrangement . . . + - - Reversing type, 
crown wheels and pinion. 
Drawing if available ee 
i Gear ratio Bed 

7 

"4 8. Motors—Electric transmission : 

+ Number and rating . Four 140 H. P. 450-v. 
} System of suspension . SP tae Re ASD Nose. 
i Direct, spur gear, bevel gear, or worm drive. Spur. 

|| Perr PCttO, E66. (bo & am. syibe sae oe 61:18. 

i _ 9. Control—Mechanical transmission : 

I Single end or double end control . Double. : 

Arrangement for reverse r Vy Reversing final drive. 
g oe 4g BU Gate change gear lever, 
Full description of the control system . final drive, reversing lever, 
Equipment of control cabin remote from en- clutch pedal, 
1S ED ie lt Ey SO PE carne : accelerator pedal, etc., 
in each cabin. 
| 
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New South Wales 
Government. 


New York Central. 


Name of railway 


100 H. P. gas-electric. 500 H. P. petrol-mech.. 


1 26 27 ; 
SY 


Type of car. 


10. Control—Electric transmission : 


Full description of system, of control adopted, Engine speed 
whether engine speed, generator field, mo- and differential field 
tor connection, rheostatic, or a combination generator. 
of one or more of the above. 


Is provision made for multiple wnit control ? : No. 


ll. Auxiliary equipment : 
Hand and electric. Generator starting. 
Battery charged Battery charged by 60-v. 


Provision for starting engine 
Power for train lighting, heating, ete. 


from trn. lgt. generator exciter. 
driven from engine shaft. s 


DH-16 air compressor Motor driven compressor. 
driven off engine. 


Power for continuous brake system . 


16-cell, type M. V. H. 13 
225 A. H. cap. at 
6-hour rate. 


Electric accumulator (for car types other than 
battery cars). 


16-v. lead type, 
120 A. H. cap. 


420 Imp. gals. gas. 


12. Amount of fuel and water which can be carri- 70 Imp. gals. petrol. 
67 gals. water. 


ed on the rail motor : 30 do. water. 
Provision made for supply of fwel and water 
or for recharging accumulators : 


a) At depot stations 


b) En route. 


13. Safety precautions taken in the event of : 


Fire. 2 
Disablement en rowte 


14. Information regarding most difficult service 
worked with rail cars. 


Underground tanks 
and pumps. 


2 Pyrene exting. 


Portable telephone. 
Manual tricycle. 


Most difficult service is 
Narrandera Tocumwal, 
not on account of gra- 
des, but because of the 
fast table (avge. speed 
28 m. p. h.) with trai- 
ler, and prevalence of 
strong winds; the en- 
gine is working at full 
output for long periods, 


B.S. S.and A. C. E. §. A. 
specifications. 


Tanks and pumps for gas. 
Hose for water. 


None. 


CO, extinguishers. 


Single unit gas-elec. car | 


(250 H. P.), Corning to 
Ulysses. Max. grade 
1.67 %. Avge. 0.52 %; 
length 2.5 miles per 
stop, no trailer, Avge. 
speed 26.5 m. p. h. — 
Dual engine unit To- 
ledo to Thurston. Grade 
0.75 % avge. Length 


6 miles per stop. 2 trai- | 


lers. Weight 140 tons. 
Average speed 56.5 m. 


py bs 


Specifications supplied. 
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TECHNICAL AND ECONOMIC RESULTS. 
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Part IV. — Technical 


Name of railway 


l. Type of service operated : 


Main line 
Branch line. : 
Suburban (commuter) . 


Are these services operated by rail motor 
alone, or by rail motor and trailer ? 


2. Speed : 


Maximum speed possible on level . 
For each type of service enumerated in (1) 
above please give: : 


a) Maximum speed in regular service . 
b) Schedule speed in regular service. 


For rail motor alone and for rail motor and 
trailer. 


3. Distance travelled : 
For each type of service enumerated in (1) 
please giwe: ; 
a) Average mileage per day run by rail 
motor,. 


b) Average mileage run by driver per day 
OF fase hours. 


For all types of service, what is the average 
mileage run per car per annum ? 
a) for rail motor cars . 
b) for trailers. 


4. Consumption of fuel, ete.: 


Miles per Imperial gallon of petrol (gasoline) 
or fuel oil. 


Miles per 100 1b. coal, coke or charcoal. 
(Please state which.) 


Kilowatt-hours per mile 5 
Miles per Imperial gallon of water . : 
Miles per Imperial gallon of lubricating oil. 


Baltimore and Ohio. 
2 


Yes. 
Yes, 
Yes. 


Generally with trailer. 


50 m. p. h. 


45 m. p. h. 
27 m. p. h, 


With trailer. 


175 


175 


Gas-mech. 
2.76 1.8 


144 91 


Gas-elec. 


Boston and Maine, 


60 m., p. h. 


55 m. p. h. 
25 m. p. h. 


Immaterial. 


Gas-mech, Gas-elec. 
100 142 


100 100 


25 000 36 700 
Not available. 


Gasoline. 
2.0 


72 
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and economic results. 


Chesapeake and Ohio. Great Northern. oul eee en a 
4 Po 6 7 
No, ’ Yes. Yes. Yes. 
Yes Ae Yes. No. 
No, = No. No. 
Rail motor alone. Alone with gas-mech. Both. Rail motor alone. 
Gas-elec. with trailer. 
42 m. p. h. 30 m. p. h. gas-mech. 65 m. p. h. Gas-electric 
60 m. p. h. gas-elec. 55 m. p. h. 
30 m. ph. 25 m. p. h. gas-mech. 50 to 55 m. p. h. 
60 m. p. h. gas-elec. 
28 m. h. p. 18 m. p. h. gas-mech. 25)8 mp. bh 
30 m. p. h. gas-elec. 
Rail motor alone. No great difference. 
99 87 gas-mech. 170 135 


205 gas-elec. 


99 87 gas-mech. 170 135 
123 ges-elec. 


29 445 66 209 62 600 50 000 
X 52 100 
Gasoline. Gasoline, Gasoline 1.68 Gasoline. 
5.3 approx. 1.8 (34 cars). 2.88 
: Fuel oil 2.04 
(1 car). 


26.4 approx. 180 : Not given. 
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. Unit capital charges 
Cost of rail motor . 


If different depreciation allowances are made 
for engine and car bodies, please give se- 
parate cost of each part. 


Rate of depreciation allowed. 


. Operating costs (average): 
Cost per rail motor mile for : 
a) Fuel or power 
b) Stores(lubricating oil, spark plugs, etc.) 
ce) Running repairs, cleaning, ete. 
d) Operating staff . 
e) General overhaul . 


Is the last item charged for as it actually 
accrues, or is it provided for by an allow- 
ance estimated from past experience. 


* Drivers only. 


Average all cars 


$ 41 555. 


Latest car 
$ 68 838. 


No. 


12 % 


a) 6.76 cents. 

b) 3.87 » 

¢) included in (e) 
d) 18.39 cents. 

é) 10.19 » 


As it accrues. 


Average all cars > 


$ 52 644. 


Machinery $14 177 
Car $ 18 467 


Machinery 12 1/2 % 
Car 5% 


Gas-mech, Gas-elec. 
Cents. Cents. 
a) 4.44 7.09 
b) «61.36 1.39 
c) 13.24 9.61 
d) 26.80 22.60 ° 
é) 5.00) 5.00 


As it accrues. 


XIUI—88 
NG@I6.. Of AOAC) a eee Baltimore and Ohio, Boston and Maine. 
. 2 ° 3 q 
5. Unit costs for fuel, etc.: . 
Cost per Imperial gallon of petrol (gasoline) Gasoline. Gasoline. 
or fuel. oil, delivered to the rail motor. 12.1 cents, 13.2 cents. 
Cost per ton of coal, coke or charcoal, de- ¢ 
livered to the rail motor (2 240 1b.-ton). 
Cost per kw.-hour of energy put into accu- 
mulator. 
Cost per Imperial gallon of lubricating oil. 66 cents, 
. Unit labour costs : 
Rate paid to driving staff per man per day $ 6.62 $ 7.53 
faeces hours. q 100 miles or less. 100 miles or less. 
Rate paid to assistant staff (guards, conduc- Condagios 4 a Coneee pa 
tors) per man per day of ..... hours. aggageman $5. aggageman ; 
Ne , Brakeman $ 5.05 Brakeman $ 5.35 
150 miles or less. 150 miles or less. 
Rate paid to mechanics per man per day $ 6.40 $ 6.40 
of ..... hours. 8 hours. 8 hours. 


Central of Georgia. 
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Chesapeake and Ohio. | 


5 


Great Northern. 
6 


Gulf Coast and Internat. 
Great Northern. 
7 


ee eel en 


Gasoline. 
14.4 cents. 


54 cents. 


$ 7.28 
8 hours. 


$ 7.20 
8 hours. 


$ 6.40 
8 hours. 


Gas-mech. 
$ 19 520. 


| Machinery $ 7 808 
Car $ 11 712 


Machinery ie ae % 
Car 


Gas-mech. 


a) 3.4 cents. 
| fy 2k > 
mc) 18 » 
d) 17.68 » 


e) No record. 


Gasoline. 
13.2 cents. 


67.2 cents 


$ 6.65 
100 miles. 


Conductor $ 216 
Assistant $ 156.60 
per month. 


$ 6.40 
8 hours. 


Gas-electric. 
$ 53 000 


No. 


4% 


Gasoline-elec. 


a) 6.23 cents.” 
b) 3.90 » 

c) Included in (¢) 
d) 16.71 cents. 

Gi Eis) 


As it accrues. 


Gasoline 6.6 cents. 
Fuel oil 4.56 » 


52.2 cents. 


$ 6.56 


8 hours or 100 miles. 


Mechanics 81 cents. 
Helpers 57 » 
per hour. 


Average of 35 cars 
$ 42 41 


Machinery $ 21 846 


Car $ 20 565 
Engine 7 % 
Car 4% 
Gasoline. Fuel oil. 
Cents. Cents. 
a) 6.65 2.09 
b) 1.28 0.76 
c) 1.25 1.67 
aye Ai.L2% 6.58* 
e) , 5.55 1.41 


As it accrues. 


Gasoline. 
12 cents. 


$ 7.00 
8 hours. 


$ 6.48 


8 hours. 


Average 
$ 22 500. 


31/2 % 


Gas-electric. 


a) 
b) 
25 cents. 
c) 
da) 
e) Varies. 


As it accrues. 
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Name of railway 


oe 


10. 


JPG 


12. 


13. 


Are the operating costs given in the reply to 
the preceding question the results of short- 
time operation, or are they the results 
after a number of years’ experience ? 

If the latter, please state the period. 


Please state the number of cars included in 
the average. 


How is the cost of superintendence provided 
for ? Is the cost of special stuff controlling 
the vail motors charged wholly against 
rail motors, or is it included in the gen- 
eral superintendence costs of the railway 
system ? 

If the former, what is the cost of this special 
superintendence per rail motor mile ? 


What is the total cost per rail motor mile, 
including operating costs, depreciation and 
special superintendence ? 


What is the revenue obtained per rail motor 
mile ? 


For purposes of comparison, please give oper- 
ating costs for the steam train displaced 
by the rail motor or which would have to 
be run if the rail motor were not operated? 


Cost per steam train-mile for : 
a) Fuel and water . 
b) Stores Roe Se oe 
c) Running repairs, cleaning, ete. 
d) Operating staff . 
e) General overhaul . 


I 


a 


there any special superintendence, the cost 
of which would be chargeable against such 
steam train, and not against the rail mo- 
tor ? 


Tf so, what would this amount to, per steam 
train-mile ? 


. What would depreciation amount to per steam 


train-mile ? 


Please indicate the capital cost of the steam 
train, and the rate of depreciation. 


Baltimore and Ohio. Boston and Maine. 
2 3 


Five years’ experience. 


Figures for year 1930. a 
20 1 16 


Charged against rail Included in general 
motors, superintendence. 
10.12 cents. 
All cars. Gas-mech. Gas-elec. 
$ 0.5933 $ 0.561 $ 0.613 
$ 0.5485 Not available. 


Comparison of average 
out of pocket costs: 
Steam train 91.6 cents. 

Rail motor 39.2 » 


a) 21.2 cents. 


B),. soon 

c)) » 6:0" & 

d) 36.0 > 

“# e) 30.49 » 

No. No. 
2.06 cents. Not available. 

$ 37 400 Locomotive 3% 
3 % Cars 2% 


Central of Georgia. 


: 2 5 
Experience. 
2 years. Figures for year 1930. Figures for year 1930. Figures for 12 months. 
1 6 34 a 8 
Tneluded in general Included in general Included in general Included in general 
superintendence. superintendence. superintendence superintendence. 
_ Gas-mechanical. Gas-electric. Gasoline- Fuel oil- 
$ 0.3174 $ 0.4124 elec. elec. 
$ 0.3992 $ 0.3061 
$ 0.197 $ 0.3067 $ 0.4645 $ 0.1500 
ie 
hh 
a) 6.97 cents. a) 8.11 cents. a) 22.59 cents. a) 
4 b) 291 » b) 3.75 » b) 6:30 » b) 
c) 14.60 » c) 34.86 » c) 1870 ae c) \ 48.5 cents. 
~d) 30.46 » d) 23.95 » d) 31.70 » d) 
e) No record. e) é) 4.95 » e) 
~ No. No. No. No. 
2.81 cents. 2.91 cents. 4.30 cents. 7.5 cents. 
$ 18 767 $ 60 000 $ 39 638 $ 75 000 
Locomotive 3 3/4 % 4% 4% 31/2 % 


Cars 5% 
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Chesapeake and Ohio. 


Great Northern. 
6 


Gulf Coast and Internat. 
Great Northern. 
7 


542 


Name of railway 


MILI—92 


Missouri-Pacific. 


1. Type of service operated : 


Main line 
Branch line. 
Suburban (commuter) . 


Are these services operated by rail motor 
alone, or by rail motor-and trailer ? 


. Speed: 
Maximum speed possible on level . 


For each type of service enumerated in (1) 
above please give : 


a) Maximum speed in regular service . 
b) Schedule speed in regular service. 

For rail motor alone and for rail motor and 
trailer. 

. Distance travelled : 


For each type of service enumerated in (1) 
please give :- 


a) Average mileage per day run by rail 
motor, 


b) Average mileage run by driver per day 
Of ..... hours, 


For all types of service, what is the average 
mileage run per car per annum ? 


a) for rail motor cars . 


b) for trailers. 


. Consumption of fuel, ete.: 


Miles per Imperial gallon of petrol (gasoline) 
or fuel oil. 


Miles per 100 lb. coal, coke or charcoal. 
(Please state which.) 


Kilowatt-hours per mile 
Miles per Imperial gallon of water . 


Miles per Imperial gallon of lubricating oil. 


No. 
Yes. 
No. 
Both. 
50 m. p. h. 
50 m. p. h. 
32 m. p. h. 
206 
69 350 
Gas-mech.  Gas-elec. 
2.4 


98.4 86.4 


Missouri-Kansas 
and Texas. 
9 


No. 


Gas-mech. Gas-elec. 
58 m. p. h. 50 m. p. h. 
40 m. p. h. 40 m. p. h. 
26 m. p. h. 26 m. p. h. | 


No trailers. 


108 147 


108 147 


Not stated. 


Gas-mech. Gas-elec. ' 


3.36 2.04 


40 
(includes grease). 
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Minneapolis, St. Paul 
and Sault - Ste Marie. 


No. 
Motor and trailer. 


60 m. p. h, 


50 m. p. h. 
28.6 m. p. h. 
With trailer. 


372.4 


186.2 
6.5 hours. 


85 272 miles. 
85 272 miles. 


Gasoline, 
2.48 


240 


New York, New Haven 
and Hartford. 
11 


No. 


Mostly rail motor alone 


Gas-mech, Gas-elec. 
and hyd. 


45m. p. h. 60m. p. hy 
26m. p. h. 


Trailers do not affect 
speed, 


87 126 
77 101 


8 hours. 


12 700 32 000 


Gas-mech. Gas-elec. 


and hyd. 
6.7 1.8 ° 
65 98 


Northern Pacific. 
1 


Not specified. 


Latest gas-elec. 


60 m. p. h. approx. 


20 to 30 m, p. h. 


Either alone 
or with trailer. 


176 
(88 to 415) 


65 000 
65 000 


Gasoline. 
2.06 


50.07 


70 m. p, h. approx. 


Reading Company. 


a ; eS | 


Generally with trailer. 


70 m. p. h. gas-elec. 


Up to 55 m. p. h. 
25 mde jp. he 
With trailer. 


134 


134 
8 hours. 


30 800 
21 400 


Gasoline. Fuel oil. 
1.27 2.88 


51.6 


544 
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5 


a 


Name of railway 


Unit costs for fuel, etc.: 


Cost per Imperial gallon of petrol (gasoline) 
or fuel oil, delivered to the rail motor. 


Cost per ton of coal, coke or charcoal, de- 
livered to the rail motor (2240 1b.-ton). 
Cost per kw.-houwr of energy put into accu- 

mulator. 
Cost per Imperial gallon of lubricating oil. 


. Unit labour costs : 


Rate paid to driving staff per man per day 
Of es hours. 

Rate paid to assistant staff (guards, conduc- 
tors) per man per day of ..... hours. 


Rate paid to mechanics per man per day 
of .... hours. 


. Unit capital charges 


Cost of rail motor . 


If different depreciation allowances are made 
for engine and car bodies, please give se- 
parate cost of each part. 


Rate of depreciation allowed. 


Missouri-Pacific. 
8 


Gasoline. 
9.6 cents. 


45.6 cents. 


$ 7.46 
100 miles or less. 
Conductor § 7.44 
Baggageman $ 5.20 
150 miles or less. 


81 cents per hour. 


Missouri-Kansas 
and Texas, 
9 


Gasoline. 
8.4 cents. 


51.5 cents. 


$ 7.50 
8 hours. 
$ 7.50 
8 hours. 


$195 per month. 


$ 23 084 gas-mech. 

$ 54 015 gas-elec. 
Machinery : 

$ 9200 gas-mech. 

$ 15 350 gas-elec. 
Car: 

$ 13 884 gas-mech. 

$ 18 665 gas-elec. 


Machinery 20 % 


Car 5% 
8. Operating costs (average): . Gas-mech. = @nstslert 
Cost per rail motor mile for : Cents. Cents. 
ai) Feel or -powers, - on el ae oe ee) Sel 6.88 
b) Stores(lubricating oil, spark plugs, etc.) |b) 2.30 1.19 
c) Running repairs, cleaning, etc. . . . 4°) , De ¢ c) Included in (e); 
d) Operating staff... . .. . . . §a) 23 to 17 cents for dri-| d) 17.30 15.48 
e) General overhaul . 35 on ee e) 18.08 7.46 
baggagemen where 
used. 


Is the last item charged for as it actually As it accrues. 


accrues, or is it provided for by an allow- 
ance estimated from past experience. 


B45 
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"Minneapolis, St. Paul New York, New Haven fi " 
and Sault - Ste Marie. and Hartiord. Tape tal ga Hesding Company: 
10 


ll 12 13 


Gasoline. 


Gasoline. Gasoline. Gasoline. 
14.3 cents. 10.8 cents. 12.9 cents. 13.6 cents. 
Fuel oil. 
5.36 cents. 
61 cents. 80 cents. 47.6 cents. 55.6 cents. 
$ 6.75 $ 7.55 2 S46 $ 7.53 
100 miles. 8 hours. 8 hours. 8 hours. 
$ 4.88 $ 7.20 Conductor $ 7.375 Conductor  §$ 7.50 
100 miles. * 8 hours. Brakeman $ 5.035 Baggageman § 5.52 
71/2 hours. Brakeman  § 5.41 
8 hours. 
81 cents per hour. $ 6.32 81 cents per hour. $ 6.48 
8 hours. 8 hours. 


Gas-electric. 
$ 33 500 


4.5 % 


a) 5.73 cents. 


Bye 26-2 
¢) 5.24 » 
d) 18.81 » 
Ajaree 0 >» 


As it accrues. 


$ 20 000 gas-mech. 
$ 45 289 gas-elec. 
Machinery $ 21 507 
Cars $ 23 782 
for gas-elec. 


No subdivision 
for gas-mechanical. 


Machinery and/ 49% 


all gas-mech. \ 


Car (gas-elec.) 5% 


a) 

b) ] 

¢) 48 cents. 
d) 

e) 


At is accrues. 


- 


Average. 
$ 45 000 


8 % for statistics. 
(4 % for accounting). 


a) 6.25 cents. 
b) 146 » 
ce) 5.64 -» 
d) 13.52 » 
e) 2.38 » 


As it accrues. 


Average of all cars 


$ 53 894 


Latest cars average 
$ 63 262 


41/2 % 


a) 9.09 cents. 

b)) L592 %> 

c) Included in (e). 
d) 22.6 cents. 


e) 14.11 » 


Including trailer costs. 


As it accrues. 
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Name of railway 


9. Are the operating costs given in the reply to 


the preceding question the results of short- 
time operation, or are they the results 
after a number of years’ experience ? 

If the latter, please state the period. 

Please state the number of cars included in 
the average. 


. How is the cost of superintendence provided 


for ? Is the cost of special staff controlling 
the rail motors charged wholly against 
rail motors, or is it mcluded im the gen- 
eral superintendence costs of the railway 
system ? 


If the former, what is the cost of this special 
superintendence per rail. motor mile? 


. What is the total cost per rail motor mile, 


including operating costs, depreciation and 
special superintendence ? 


. What is the revenue obtained per rail motor 


mile ? 


. For purposes of comparison, please give oper- 


ating costs for the steam train displaced 
by the rail motor or which would have to 
be run if the rail motor were not operated? 


Cost per steam train mile for : 


Missouri-Pacific. 
8 


Gas-elec. 


$ 0.3500 


Gas-mech. 
$ 0.3200 


Not available. 


Missouri-Kansas 
and Texas. 
9 


Number of years. 


4 years. 
1 1 


Included in general 
superintendence. 


Gas-elec. 
$ 0.3716 


Gas-mech. 
$ 0.4833 


Not available. 


4.90 cents. 
6.22 » 
Included in (@) ; 


a) Hel ond apatern ss @ «9 <0e) a oe en a)_ a) 
PS Tones erage ee ce ene eee eereaae eee b) 7) 
c) Running repairs, cleaning, etc. . . - c) Not given. c) 
Gi Operating staff, aaeeeeee ae d) da) 54.08 cents. 
e) General overhaul.’ "ie wv 9a We. 2). e) ej, 14:92 “> | 
Water included in (e). } 


15. 


. Is there any special superintendence, the cost 


of which would be chargeable against such 
steam train, and not against the rail mo- 
tor ? : 


If so, what would this amount to, per steam 
train mile ? : 


What would depreciation amount to, per steam 
train mile ? 

Please indicate the capital cost of the steam 
train, and the rate of depreciation. 


Not given. 


Not given. 


No. 


4.5 cents. 


$ 44 003 
Locomotive 3% 
Cars 4% 


BAT 


XII—97 
ee 
Minneapolis, St. Paul New York, New Haven 
A Sank Re eiiarte. aad? Harttord: Northern Pacific. Reading Company. 
: 10 ll 12 13 
1 Ee eee 
Short time. Number of years. 
; Figures for year 1930. Figures for one year. Figures for year 1930. 
1 36 22 16 
No special staff. Included in general Included in general Included in general 
superintendence, superintendence, superintendence, 
Gas-electric. All cars. Gas-electric. All cars. 
$ 0.3734 $ 0.6100 $ 0.4009 $ 0.5665 
Not available. $ 0.3605 Not given. 
a) 14.12 cents. a) a) a) 
Bir s0:96).  » b) b) b) 75.4 cents. 
a) Bb > c) $ 1.25 c) } Not stated. c) 
d) 23.81 » da) a) @) 44.82 cents. 
Se) 6.62 » e) e) e) 
No. No. Not stated. - No. 
fas Indeterminate. Not stated. 8.94 cents. 
$ 24 340 ae aa $ 64 582 
3% 41/2 % 


IV—4AT 
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Name of railway 


l. Type of service operated : 
Main line 

Branch line. Fe 
Suburban (commuter) . 


Are these services operated by rail motor 
alone, or by rail motor and trailer ? 


. Speed : 
Maximum speed possible on level . 


For each type of service enumerated in (1) 
above please give : 


a) Maximum speed in regular.service . 


b) Schedule speed in regular service. 


For rail motor alone and for rail motor and- 


trailer. 


. Distance travelled : 


For each type of service enumerated in (1) 
please give: 


a) Average mileage per day run by rail 
motor. 


b) Average mileage run by driver per day 
O}e nos: hours. 


For all types of service, what is the average 
mileage run per car per annum ? 


a) for rail motor cars . 


b) for: trawlers. pm = eee ee 


. Consumption of fuel, etc.: 


Miles per Imperial gallon of petrel (gasoline) 
or fuel oil. 


Miles per 100 1b. coal, coke or charcoal. 
(Please state which.) 
Kilowatt-hours per mile 2 


Miles per Imperial gallon of water. . . . 
Miles per Imperial gallon of lubricating oil. 


Southern Pacific. 
14 


Not specified. 


Both. 


Gas-electric. 
Not stated. 


Not stated. 


Not stated. 


225 


Not stated. 


Gasoline and distillate. 
1.16 approx. 


\ 


Canadian National. 
15 


Yes. 
Yes. 
No. 

Both. 


40-60 m. p. h. without 
trailer. - 


60 m. 
40 m. 


30 m. 
25 m. p. h. 


Without trailer. 


Dy 
ppp 


152 


100 miles. 
8 hours. 


36000 ~ 
Variable. 


Gas-mech. 6.58 

Gas-elec. 2.08 

Fuel oil 3.55 
(6 cyl.). 


4.06 


Gas-mech. 112 
Gas-elec. 82 
Diesel-elec. (6 cyl.) 33 


549 
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Chosen Government. 


16 7 18 19 
No. Yes. No. Yes 
Yes. Yes Yes. Yes. 
Yes. No. No. No. 


34-44 m. p. h. 


35-44 m. p. h. 
44 m. p. h. 


27.5 m. p. h. 


46 
I (xe 
[ 56 
7 hours approx. 


: 25 000 approx. 


Petrol. 
10 approx. 


Coal. 
11.2 miles. 


178 


Rail motor alone. 


22-27.5 m. p. h. 


Rail motor alone. 


Japanese Government. 


Rail motor alone. 


31-40 m. p. h. 


31 m p. h. 
19 m. p. h. 


Rail motor alone. 


60 


34 
10 


20 000 


210 


Federated Malay States. 


Articulated unit. 


40 m. p. h. 


35 m. p. h. 
19 m. p. h. 


Articulated unit. 


80 
80 


8 hrs. 7 mins. 


28 000 


Coal. 
3.68 


0.179 
457 


East Indian. | 


Rail motor alone. 


35 m. p. h. 


50 m. p. h. 
21 m. p. h. 


Rail motor alone, 


100 


100 
10 


27 000 


0.8 
80 
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Nimeofiradway ...- ae at ete Sees Southern Pacific. Canadian National. | 
1 14 15 


5. Unit costs for fuel, ete.: 


Cost per Imperial gallon of petrol (gasoline) Gasoline. Gasoline. | 
or fuel oil, delivered to the rail motor. 16.6 cents. 20.5 cents. 
Distillate. Fuel oil. 
4.85 cents. 5.8 cents. 


Coal per ton of coal, coke or charcoal, de- 
livered to the rail motor (2 240-lb. ton). 


Oost per kw.-hour of energy put into accu- bee 2 cents. | 
mulator. 
Oost per Imperial gallon of lubricating oil. . nag Gas-mech. 65 cents. j 
Gas and Diesel-elec. : 
80 cents. 
6. Unit labour costs : 
Rate paid to driving staff per man per day ~ Not stated. $ 6.16 
OF esas hours. per 100 miles. 
(min. $7.0 per day). 
Rate paid to assistant staff (guards, conduc- ae Conductor $ 6.70 
tors) per man per day of ..... hours. Baggageman $5.20 


per 150 miles. 


Rate paid to mechanics per man per day ars $180 per month. 
Ofitgaares hours. 
t. Unitccapital charges) i. tease) aes Gas-elec. $79 200 Gas-elec. $50 000 
Cost of rail motor. . . . + +. + + + + [Aver. cost of motor train. Diesel-elec. $ 85 000 
No. of trailers not known. (6 cyl.). 


If different depreciation allowances are made 
for engine and car bodies, please give se- 
parate cost of each part. 


Rate of depreciution allowed. . .... .» Gas-elec: Diesel-clec. Im 


Eng. 6.7%. Eng. 6%. {7 
Elec. 4%. Other equip. | 
Car 4 1/2/96: 4% 


Gas-elec. Diesel-elec. 


8. Operating costs (average): Cents. (6 cyl.) 
Cost per rail motor mile for : Gas-electric. Cents. 
CN PIAA ae dss bo 6 8 a) 6.72 cents. a) 7.0 2.0 
b) Stores (lubricating oil, spark plugs, etc.) b) 4.66 » b) 2.57 ' 4.59 
c) Running repairs, cleaning, etc. . . . c) Included in (e). c) Included in (e). 
d) (Operating {staff . 0). Sea oe d) 18.04 cents. d) 24.0 16.0 
e)) -General-overhaul:. “aya ms bs ¢ e) 11.56 » e) 8.43 24.5 
Is the last item charged for as it actually As it accrues. - As it accrues, 


accrues, or is it provided for by an allow- 
ance estimated from past experience. 
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Chosen Government. 
16 


(1 yen=24 d.) 
Petrol. 
0.5 yen (13.2 d). 


11.9 yen (24 sh.). 


Cyl. 
1.30 yens (31.2 d.) 
Crankease. 
2.70 yens (64.8 d.) 


4.04 yen (8 sh.). 
10 hours. 


2.95 yen (5sh. 11 d.). 
10 hours. 


Latest steam. 


71 200 yen (£7120). 
Latest petrol. 
31 000 yen (£3100). 


No. 
Latest Latest 
| — steam. petrol. 
a) 0.077 yen 0.14 yen. 
| (1.85 d.) (3.36 d.) 
|e) : 
t Not given. 


Japanese Government. 


17 


(1 yen=24 d.) 
Petrol. 
0.69 yen (16.5 d.) 


10.63 yen (21 sh. 3 d.) 


0.78 yen (18.7 d.) 


1.287 yen (30.8 d.) 


. 0.898 yen (21.5 d.) 


0.949 yen (22.8 d.) 


Petrol-mech. 


25 000 yen. 
(£ 2 500). 


Depreciation not allowed. 


c) p Not stated. 


Federated Malay States, 


1s 


($ 1=2/4) 


$ 6.25 (14 sh. 7d.) 


$1.50 (3 sh. 6 d.) 


Driver : 
$3.45 (8 sh. 3/4 d.) 
Fireman: 


$1.12 (2 sh. 7 1/4 d.) 
8 hours. 
Guard: 

$ 2.45 (5 sh. 8 3/4 d.) 
8 hours. 
Fitter : 

$1.76 (4 sh. 1 1/4 d.) 
8 hours. 


$ 70 000 
(£ 8170) 


No. 


5.72 % 


a) 12.0 cents (3.36 d.) 


b) 0.73 » (0.24) 
c) 2.76 » (0.77 4.) 
d) 10.00 » (28 4.) 


e) None to date. 


Will be charged 
as it accrues. 


East Indian. 
19 


Rs. 1=18 d.) 


Rs. 11 (16 sh. 6 d.) 


12 annas (13.5 d.) 


Driver Rs. 120 (£ 9) 
Fireman Rs. 30 (£ 2-5-0) 
per month. 


Guard Rs. 130 (£ 9-15-0) 
per month. 


Mechanics Rs. 40 (£3) 
per month. 


Rs. 131 225 
(£ 9 850) 


No. 


8 1/2 % 


“) ts annas (1.87 d.) 
b) 


c) 1 anna (1.12d.) 
d) 3.3 annas (3.71 d.) 


e) Total Rs. 1724. 
(£ 129) 
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Namexof- railway =. < % A208 peers “EP aieaes 


9. Are the operating costs given in the reply to 
the preceding question the results of short- 
time operation, or are they the results 
after a number of years’ experience ? 


If the latter, please state the period. 


Please state the number of cars included in 
the average. 


10. How is the cost of superintendence provided 
for ? Is the cost of special staff controlling 
the rail motors charged wholly against 
rail motors, or is it included in the gen- 
eral superintendence costs of the railway 
system ? 


If the former, what is the cost of this special 
superintendence per rail motor mile ?- 


ll. What is the total cost per rail motor mile, 
including operating costs, depreciation and 
special superintendence ? 

i 


et tog PH eal 


12. What is the revenue obtained per rail motor 
mile ? 


13. For purposes of comparison, please give oper- 
ating costs for the steam train displaced 
by the rail motor or which would have to 
be run if the rail motor were not operated? 

Oost per steam train-mile for : 
a) Fuel and water . ik eas pes at ea 
phi tOreawlh i heey cave Mae eck etake itabien 
c) Running repairs, cleaning, etc. 
d) Operating staff . 
e) General overhaul. . . . 


14. Is there any special superintendence, the cost 
of which would be chargeable against such 
steam train, and not against the rail mo- 
tor? : 


If so, what would this amount to, per steam 
train-mile ? 


15.. What would depreciation amount to, per steam 
train-mile ? 


Please indicate the capital cost of the steam 
train, and the rate of depreciation. 


Southern Pacific. 


Figures for two months. 


14 


11 


In general 


superintendence. 


Gas-electric. 
$ 0.4671 


$ 0.5054 


Not stated. 


Not stated. 


Not stated. 


Canadian National. 


Gas- 


Charged against 


Gas-elec. Diesel-elec. 
(6 cyl.) 

3.63 cents. 1.4 cents. 
Gas-mech. $ 0.38 

Gas-elec. in bor : i 

R cyl. 

mee 6 cyl. $ 0. 

elec. 8 cyl. $0 

$ 0. 


Stge. battery 


Experience. 


3 to 5 years. 
elec. Diesel-elec. 


rail motors. 


Not stated. 


Not stated. 


Not stated. 


Not stated. 


Chosen Government. 


Japanese Government. 


16 7 
Not stated. Not stated. 
| 
Not stated. Included in general 


superintendence. 
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Federated Malay States. 
18 


Short time. 


9 months. 
1 


No special staff. 


East Indian. 
19 


6 months. 
3 


No special staff. 


Not stated. 


Not stated. 


a) a) 
g b) b) 
5 c) } Not stated. c) 
; a) a) 
é e) e) 
‘ 
Not stated. 


Not stated. 


ea; =a 


Not stated. 


Not stated. 


Not stated. 


Not stated. 


Not stated. 


$ 0.5750 (16.1 d.) 
including allowance 
of $0.32 for general 
overhaul (estimated). 


Not available. 


a) 31.22 cents (8.75 d.) 
b) 1.28 » (0.36 d.) 
c) 3.85 » (1.08 d.) 
d) 11.0 » (3.08 d.) 
e) 37.41 » (10.48 d.) 


14.5 cents. 
(4.06 d.) 


$ 109 000 
(£12 717) 
3.72 % 


a) 
b) 
c) 
d) 
e) 


10.8 annas (12.15 d.) 


18 annas (20.2 d.) 


6.8 annas (7.65 d.) 


1.8 annas (2.02 d.) 


No. 


3.4 annas 
(3.82 d.) 
Rs. 81 566 
(£6117) 
81/2 % 
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eee. _._.____________ ee 
Name of railway ogee WR Se eS Nigerian. Sudan Government, 
1 20 21 
l. Type of service operated : 
Mawm'ine a eee ee eee Yes. Yes. 
Branch: line® GX th oe ee Yes. No. 
Suburban (commuter). . .«. . . . . « « No. Nos 
Are these services operated by rail motor Rail motor alone. Rail motor alone. 
alone, or by rail motor and trailer ? 
2. Speed : 
Maximum speed possible on level. . . . . 385 47 m. p. h. 


For each type of service enumerated in (1) 
above please give: 


a) Maximum speed in regular service. . 25 m. p. h. 47 m. p. h. 

b) Schedule speed in regular service. . . 25 m. p. h. 35 m. p. h. 
For rail motor alone and for rail motor and Rail motor alone. Rail motor alone. 

trailer. 3 


3. Distance travelled ;: 


For each type of service enumerated in (1) 
please gwe: 


a) Average mileage per day run by rail 87 70 . 
motor. 

b) Average mileage run by driver per day 50 70 
Of” cases hours. 13 


For all types of service, what is the average 
mileage run per car per annum : 


a) for rail motor care. . . .. . : 27 976 22 254 
b) for trailers. . 


4. Consumption of fuel, etc.: 


Miles per Imperial gallon of petrol (gasoline) nee 
or fuel oil. 
Miles per 100 1b. coal, coke or- charcoal. “Coal: Coal. 
(Please state which.) 4.6 7.83 
Kilowatt-hours per milé . . «© .%.°. « = ot on 
Miles per Imperial gallon of water. . . . aes a 


Miles per Imperial gallon of lubricating oil. 178 aa 
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New Zealand Western Australian 
South African. Government. Government. 
23 24 


Tasmanian. 


Rail motor alone. Rail motor alone. Both. Both. 
50 m. p. h. 50 m. p. h. Petrol-mech. 35m. p. h. 40 m. p. h. 
Steam 40 m. p. h. 
36 m. p. h. 50 m. p. h. 30 m. p. h. 40 m. p. h 
P 35 m. p. h. 50 m. p. h 
24.5 m. p. h. 45 m. p. h. 20 m. p. h. 18 m. p. h 
30 m. p. h. 
Rail motor alone. Rail motor alone. No difference. No difference 


Petrol-mech. 


136 143 55 46 
136 85 55 46 
| Avge. day 1035/4 hrs. 8 hours. 
35.000 miles. Avge. 35 000 miles. 10 000 miles. 13 287 
Not recorded. Not availale. 
Petrol. ee Petrol. Petrol 
6.5 6.73 7.5 approx 
Coal. Coal. 
9.00 Not yet available. 
3.10 


300 Not available. 
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. Are the operating costs given in .the reply to 


the preceding question the results of short- 
time operation, or are they the results 
after a number of years’ experience ? 

If the latter, please state the period. 


Please state the number of cars included in 
the average. 


\ Not stated. 


Name of railway : Nigerian. Sudan Government, 
1 20 21 
5. Unit costs for fuel, etc.: 
Cost per Imperial gallon of petrol (gasoline) 
or fuel oil, delivered to the rail motor. 
Cost per ton of coal, coke or charcoal, de- Coal. Welsh coal. 
livered to the rail motor (2 240-lb. ton). 18 sh. 24 sh. 
Oost per kw.-hour of energy put into accu- 
mulators. 
Cost per Imperial gallon of lubricating oil. 3 sh. 10 d. Sat. cyl. oil 27.3d. 
Superheat. oil 48.8 d. 
Axle oil 39.7d 
6. Unit labour costs : 
Rate paid to driving staff per man per day 3 shy 6 de £ 4-0-0 
OP rc hours. 8 hours. per month. 
Rate paid to assistant staff (guards, conduc- 
ters) per man per day Of ..... hours. 
Rate paid to mechanics per man per day £ 6-12-0 
Of hours. per month. 
7. Unit capital charges : 
Cost of rail motor . £4710 single. £ 3 870 
£7 553 double. 
If different depreciation allowances are made No. 
for engine and car bodies, please give se- 
parate cost of each part. a 
Rate of depreciation allowed. 4% 
8. Operating costs (average): 
Oost per rail motor mile for : 
a) Fuel or power Me Fed cern gs a) a) a) 
b) Stores (lubricating oil, spark plugs, etc.) b) b) 
c) Running repairs, cleaning, ete. c) ) Not stated. c) 9.0 d. 
d) Operating staff . d) d) 
e) General overhaul . Diy eae e) y e) 
Is the last item charged for as it actually 
accrues, or is it provided for by an allow- 
ance estimated from past experience. 
9 


Short time. 
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ork New Zealand Western Australian 5 
South African. - Government. Government. Tasmanian. 
23 24 
5 “a3 Petrol. 
8.5 d. 20.5 d. 24 d. 
Coal. Not stated. 
44 sh. 2 d. 
2.47 d. 
Ssh. 1 d. ee 3. sh. 4 d. 4 sh. 3 d. 
11 to 20 sh. 20 sh. Ail sh. 3 d. 16 sh. 10 d. 
8 hours. 8 hours. 8 hours. 8 hours. 
8 to 15 sh. | 18 sh. sae 13 sh. 4a. 
9 hours. 8 hours. 8 hours. 
18 to 20 sh. 18 sh. a 15 sh: 7d: 
: 8 hours. 8 hours. 7-1/3 hours. 
£ 3500 Steam £ 6003 Petrol-mech. £ 3 817 Latest cars 
Battery £ 15 096 Steam £ 6 136 £ 7 250 
No. No for steam car. — Petrol-mech. Not given. 
Battery £6 632 Body do hao 
Car £ 8 464 Chassis £ 3 092 
10% on 60% of Steam car 71/2% Body 31/2% Machinery 15 % 
; capital value. Battery 20% Chassis 10 % Body 5 % 
: Car 10 % 
1 Steam Battery 
; car: car: } 
‘ a) 171d. a) 2.63. 7.67d. | a) a) 3.944. 
: Di -0:21:.d. b) 0.29 d. 0.09 d. b) Not recorded b) 019d. 
+ ec) 2.90d. c) 0.61 d. 2.08 d. e) separately. c) Included in (¢). 
: da) 3.65. d) 803d. 324d. |ay | Total 18.99 d. d) 4,234. 
} e) aes fe) 5.204. 3.17 d. e) ey. Aides 
' As it accrues. As it accrues. x, As it accrues. 
} 
‘ 
. 
j ; 
j After 5 years. . Experience. One year. 
| 
3 to 12 months. Year 1930-31. 1922-1930 : “Year 1930-1931 
5 5 1 2 10 
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eee 


10. 


. Is there any special superintendence, the cost 


. What would depreciation amount to, per steam 


Nameiofenavheay . a 3), F -saperi eee =e 


1 


How is the cost of superintendence provided 
for ? Is the cost of special staff controlling 
the rail motors charged wholly against 
rail motors, or is it included in the gen- 
eral superintendence costs of the railway 
system ? 


If the former, what is the cost of this special 
superintendence per rail motor mile ? 


. What is the total cost per rail motor mile, 


including operating costs, depreciation and 
special superintendence ? 


. What is the revenue obtained per rail motor 


mile ? 


. For purposes of comparison, please give oper- 


ating costs for the steam train displaced 
by the rail motor or which would have to 
be run if the rail motor were not operated? 


Oost per steam train-mile for : 
a) Fuel and water . 
b) Stores 
c) Running repairs, cleaning, ete. 
d) Operating staff . 


e) General overhaul . 


of which would be chargeable against such 
steam train, and not against the rail mo- 
tor ? 


If so, what would this amount to, per steam 
train-mile ? 


train-mile ? 


Please indicate the capital cost of the steam 
train, and the rate of depreciation. 


Nigerian. 
20 


Not stated. 


Not stated. 


Not stated. 


Not stated. 


Not stated. 


Sudan Government. 
21 


en a tS a SS SS 


Included in general 
suiperintendence. 


No useful comparison 
possible. 
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New Zealand Western Australian ; 
South African. Government. Government. Tasmanian. 
! 22 23 24 25 | 
SS a I ST ES I RR TE A 
Included in general Included in general Not charged. peeleee against 
superintendence. superintendence. TanLTAGLOTS, 
Included in above 
figures. 
11.33 d. Steam Battery 29.87 d. 21.41 d. 
car: car: (average for 2 years). 
22.30d. 26.78 d. 
14.88 d. i : 12.64 d. Not stated. 
Unavailable. (19221930) 
Average locomotive costs 
as under: 
a) 10.06 d. a) 12.04d. 
DB) BOr52, ds b) §60.78d. 
Not available. c) included in (e). Not stated. c) 2.05 d. 
d)» 12:75 d. d) 10.53 d. 
e) 11.91 d. e) 8.2510, 
No. No. Not stated. Not stated. 
Not available. Train replaced by Not stated. Not stated 
Steam car: Batt. car. 
2.58 d. 1.78 d. 
“ne £ 6 632 
Locomotive 3-1/3 % 
Cars 2.86 % 
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Name of rattan, (0-2 ce oe ata eae 


l. Type of service operated : 


Main line 
Branch line. on 
Suburban (commuter) . 


Are these services operated by rail motor 
alone, or by rail motor and trailer ? 


. Speed : 


Maximum speed possible on level . 


For each type of service enumerated in (1) 
above please give: 


a) Maximum speed in regular service . 
b) Sehedule speed in regular service. 


For rail motor alone and for rail motor and 
trailer. 


. Distance travelled : 
For each type of service enumerated in (1) 
please give : 


a) Average mileage per day run by rail 
motor. 


b) Average mileage run by driver per day 
of .... hours. 


For all types of service, what is the average 
mileage run per car per annum : 
a) for rail motor cars . 
b) for 


trailers . 


. Consumption of fuel, etc.: 


Miles per Imperial gallon of petrol (gasoline) 
or fuel oil. 


Miles per 100 1b. coal, coke or charcoal. 
(Please state which.) 


Kilowatt-hours per mile . : 
Miles per Imperial gallon of water . - 
Miles per Imperial gallon of lubricating oil. 


New South Wales 
Government, 


For both. 


day of 7-1/3 hours. 


31 000 
17 000 


Petrol 
5.35 


New York Central. 


52.5 m. p.h. witht. trailer. 
42-50 m. p. h. with trailer. 
50-60 m. p. h. 


30-40 m. p. h. witht. trailer. 
26-36m. p.h. with trailer. 


139 


139 
8 hours. 


36 500 


Gas-mech. 3.2 
Gas-elec. (single) 2.0 
» (dual) 1.1 


120 


Name of railway 
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. Unit labour costs : 


Rate paid to driving staff per man per day 
OP cea hours. 


Rate paid to assistant staff (guards, conduc- 
tors) per man per day of ..... hours. 


Rate paid to mechanics per man per day 
Oliv asses hours. 


. Unit capital charges : 


Cost of rail motor . 


If different depreciation allowances are made 
for engine and car bodies, please give se- 
parate cost of each part. 


Rate of depreciation allowed. 


. Operating costs (average): 


Cost per rail motor mile for : 
a) Fuel or power 
b) Stores(lubricating oil, spark plugs, etc.) 
ce) Running repairs, cleaning, etc. 
d) Operating staff . 
e) General overhaul . 


Is the last item charged for as it actually 
accrues, or is it provided for by an allow- 
ance estimated from past experience. 


. New South Wales 


From 17 sh. 9 d. 
to 20 sh. 9 d. 
According to seniority, 
7-1/5 hour day. 


16 sh. 1 d. 
7-1/3 hour day. 


Running sheds 19 sh. 8 d. 
7-1/3 hour day. 
Workshops: 19 sh. 2 d. 
8 hrs. 48 mins. day. 
(In all cases 44-hr. week) 


£ 5 190 


Machinery £ 2 330 
Body £ 2 860 


Machinery 10 % 
Body 31/2 % 


Average for 1 year. 


a) 424, 
b) 2.04. 
c) 1.954. 
d) 5.254. 
e) 20d. 


Allowance based 
on experience. 


New York Central. 


F Government. 
1 26 27 
5. Unit costs for fuel, etc.: 
Cost per Imperial gallon of petrol (gasoline) Petrol Gasoline 
or fuel oil, delivered to the rail motor. 22.5 d. 10.9 cents. 
Cost per ton of coal, coke or charcoal, de- 
livered to the rail motor (2 240-lb. ton). 
Cost per kw.-hour of energy put into accu- 
mulators. 
Cost per Imperial gallon of lubricating oil. 2 sh. 10 d, 90 cents. 


$ 6.62 to $ 7.53 
8 hours. 


$ 7.20 
8 hours. 


& 6.48 
8 hours. 


Gas-meck.. $ 27 500 
Gas-elec. (single) $ 48 000 
» (dual) 


Gas-mech. 14% 
Gas-elec. 10 % 


Gas-mech.  Gas-elec. 

Sgle. Dual 

Cents Cents Cents 

@)i KS 5.3 10.1 
b) 

11.3 Viral 9.5 
c) 
d) 


e) 144 103 138 


As it accrues. 
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Name. of. raioay, uo . <= Ss ee Ss 


9. Are the operating costs gwen in the reply to 
the preceding question the results of short- 
time operation, or are they the results 
after a number of years’ experience ? 


If the latter, please state the period. 


Please state the number of cars included in 
the average. 


10. How is the cost of superintendence provided 
for ? Is the cost of special staff controlling 
the rail motors charged wholly against 
rail motors, or is it included in the gen- 
eral superintendence costs of the railway 
system ? 


If the former, what is the cost of this special 
superintendence per rail motor mile ? 


ll. What is the total cost per rail motor mile, 
including operating costs, depreciation and 
special superintendence ? 


12. What is the revenue obtained per rail motor 
mile ? 


13. For purposes of comparison, please give oper- 
ating costs for the steam train displaced 
by the rail motor or which would have to 
be run.if the rail motor were not operated. 


Cost per steam train-mile for : 

a) Fuel and water . Ya 
bb) Stores= O.s8 soa eee uo have 
) Running repairs, cleaning, etc. 
d) Operating staff . 

e) General overhaul . 


14. Is there any special superintendence, the cost 
of which would be chargeable against such 
steam train, and not against the rail mo- 
tor ? 

If so, what would this amount to, per steam 
train-mile ? g 


15. What would depreciation amount to, per steam 
train-mile ? 
Please indicate the capital cost of the steam 
train, and the rate of depreciation. 


New South Wales 
Government. 
2 26 


Number of years. 


8 years. 
37 


Special superintendence 
is charged against 
rail motors. 


0.3 d. 


18.5 d. 


17.0 d. 


a) 8.90d. 
b) Included in (e). 
c) Included in (e). 


d) 8.504. 

€) 22.15 0d- 
No. 

3.32 d. 

£ 6 584 


3% for locom. 
21/2 % for cars. 


New York Central. 
27 


Number of years. 


2 yrs. to 6 yrs. 


Gas-mech. % 
Gas-elec. (single) 8 
» (dual) 5 


Charged against 
rail motors. 


Gas-mech. Gas-elec. 
Sgle. Dual. 
14 cts; LOct. Obits 


$ 0.675 $0.610 $0.70 


$0.25 approx. 
(passengers only). 


a) 25.9 cents. 
b) 28 » 
c) 7.16 » 
ad) 5.93 » 
e) 19.5 » 


No. 


7.83 cents. 


Locomotive 


$ 21 500 
2 cars $ 37 000 
21/2% 
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GENERAL OBSERVATIONS. 
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Part V. - 


Name of railway 


Baltimore and Ohio. 


~ 


Boston and Maine. 


1 2 3 
l. What observations have you to make on the |Satisfactory for the runs} Generally satisfactory. 
results obtained in current service from the to which they are Hampered at times by 
point of view of power, and, above all, of assigned. lack of flexibility as 
flexibility in use, with regard to service regards power, seating 
requirements ? and baggage capacity 
and double end operation. 
2. Have you frequently been obliged to replace No. On certain runs, 


rail motor cars (R.M.) by locomotives on 
occasion of large rush of passengers, either 
of periodic nature, or during certain sea- 
sons, or accidently ? 


. Have you found it advantageous to reduce the- 


classes to one only, even for the trailers ? 


. Has the number of runs of rail motor cars 


(R.M) interpolated between pre-existing 
trains given rise to congestion, difficulties 
with station service, delays for principal 
trains on lines carrying heavy fast passen- 
ger and freight train traffic ? 


. Have you experienced difficulties in motor 


upkeep, in view of special construction 
generally less robust than that of locomo- 
tives ? 


If it is necessary to stable and overhaul rail 
motor cars (R.M.) im steam locomotive 
sheds, and in view of the connection of 
interior of car with mechanical portion, 
have you experienced trouble due to the 
deterioration of cars, and the difficulty of 
keeping them in a good state of cleanliness? 


Have you had trouble due to space so taken 
up in the sheds ? 


. Have you in construction other rail motor 


cars ? 
If so, of what type ? 


Are you thinking of extending their use ? 


. What reasons led to adoption of rail motor 


car operation, and of particular types of 
car ? 


. As the result of experience, have you altered 


your views on the question ? 


. Are you proposing to alter your organisation, 


or system of operation ? 
If so, in what respect ? 


. What is the likely trend of development with 


reaard to rail motors on your railway ? 


One class only. 


No. 


No. 


No. 


No. 


Larger cars, 
gas- or oil-elec. 


Under consideration. 


To economise on 
operation costs. 


No. 


No. 


Increasing use of units 
of greater power. 


always on special 
occasions. 


One class only. 


No such conditions. 


Until men were properly 
qualified. 


Yes, until space was 
partitioned off. 


No. 


+ No. 


Economy. 
No choice of types wher 
service started. 


No. 


Larger power units. 
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‘eneral observations 


i 


‘not suited for any other. 


Central of Georgia. 


4 


Car satisfactory 
for present run, 


Chesapeake and Ohio. 
5 


Results satisfactory. 
Runs were studied in 
advance and cars built 

to suit. 


Great Northern. 
6 


| Gulf Coast and internat. 


First cars of 175 H. P. 
had limited application. 
Greater power required 
and recent purchases 


Very seldom. 


One class only. 


No such conditions. 


No. 


No. 


To economise on 
operation costs. 


Uncertain. 


Infrequent on account 
of necessary repairs 
to cars. 


One class only. 


No. 


Difficulty on account 
of gas-mech. cars not. 
being powerful enough to 
haul trailers. 


No. 


No. 


Not at present. 


To economise on 
operation costs. 


No.: 


No. 


Increased power to permit 
hauling additional trailers. 


are 400 H. P. 


Occasionally. 


One class only. 


No. 


No. 


To economise on 
services which had 


to be maintained but did 


not pay. 
Type of car tends to 


baggage motor, passenger 


trailer. 
No, 


No. 


Larger cars permitting 
trains of 3 or 4 cars to 
be run. 


Great Northern. 
7 


None. 


No. 


One class only. 


No. 


No. 


oo 


No. 


Rail motors will. be used ! 


only where economical. 
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Name of railway 


a inne! 


Ue 


10, 


1 


What observations have you to make on the 
results obtained in current service from the 
point of view of power, and, above all, of 
flexibility in use, with regard to service 
requirements ? 


. Have you frequently been obliged to replace 


rail motor cars (R.M.) by locomotives on 
occasion of large rush of passengers, either 
of periodic nature, or during certain sea- 
sons, or accidently ? 


. Have you found it advantageous to reduce the 


classes to one only, even for the trailers ? 


. Has the number of runs of rail motor cars 


interpolated between pre-existing trains 
given rise to congestion, difficulties with 
station service, delays for principal trains 
on lines carrying heavy fast passenger 
and freight train traffte ? 


. Have you experienced difficulties in motor 


upkeep, in view of special construction 
generally less robust than that of locomo- 
tives ? 

If it is necessary to stable and overhaul rail 
motor cars in steam locomotives sheds, and 
in view of the connection of interior of car 
with mechanical portion, have you exper- 
ienced trouble due to the deterioration of 
cars, and the difficulty of keeping them in 
a good state of cleanliness ? 

Have you had trouble due to space so taken 
up in the sheds ? 


. Have you in construction other rail motor 


cars ? 
If so, of what type ? 
Are you thinking of extending their use ? 


. What reasons led to adoption of rail motor 


car. operation, and of particular types of 
car,? .* 


. As the result of experience, have you altered ~ 


your views on the question ? 


. Are you proposing to alter your organisation, 


or system of operation ? 
If so, in what respect ? 


What is the likely trend of development with 
regard to rail motors on your railway ? 


Missouri-Pacific. 
8 


No. 


Only class only. 


No. 


No. 


No. 


No. 


Yes. 


No. 


Missouri-Kansas 
and Texas. 
9 


The two cars are suitable 
r for present runs, 

but mechanical car is too 
light for other services. 


Occasionally for special 
events or repairs. 


One class only. 


No. 


Yes for gas-mechanic car. 
No for gas-electric. 


No. 


No. 


No. 


Under consideration. 


To economise on 
operation costs. 


Only _gas-electric .cars 
would be considered. 


No. 


Probably further 
gas-electric cars 
will be obtained. 
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Minneapolis, St, Paul 
and Sault a Marie. 


New York, New Haven 
and Hartford. 
Il 


Northern Pacific. 
12 


Reading Company. 
13 


| ee EEE 


Load limited to 
one trailer. 


Yes. 


One class only. 


No. 


No. 


For test. 


No. 


No. 


Satisfactory 
in all respect. 


One class only. 


No. 


No. Serviceability 
superior to steam. 


No. 


No. 


No. 


‘ 
Under consideration. 


To economise on 
operation costs. 
Desire for more power led 
to use of gas-electric. 


- No. 


No. 


Likely trend towards 


| train operation. 


Results obtained have 
been very satisfactory 


Occasionally’ on holidays 
and other special 
occasions. 


Only one class. 


No. 


No unreasonable difficulty 
in any phase referred to. 


None under construction. 

Will consider, extending 

when business conditions 
warrants 


To provide service at 
lower cost than it could 
be done. with steam. 


No. 


No. 


Possibly heavier units 
capable of hauling 
two or more trailers. 


More satisfactory 
than steam. 


No. 


One class only. 


No. 


No. 


No. 


To economise on 
operation costs. 
Service tests 
determined types, ete. 


No. 


No. 


No change contemplated. 
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Name of railway . . . 
rb 


1. What observations have you_to make on the 
results obtained in current service from the 
point of view of power, and, above all, of 
flexibility im use, with regard to service 
requirements ? 


2. Have you frequently been obliged to replace 
rail motor cars by locomotives on occasion 
of large rush of passengers, either of per- 
todic nature, or during certain seasons, or 
accidentally ? 


3. Have you found it advantageous to reduce the 
classes to one only, even for the trailers ? 


| 4. Has the number of runs of rail motor cars 
interpolated between pre-existing trains 
given rise to congestion, difficulties with 
station service, delays for principal trains 
on lines carrying heavy fast passenger 
and freight train traffic ? } 


5. Have you experienced difficulties in motor 
upkeep, in view of special construction 
generally less robust than that of locomo- 

tives ? 

If it is necessary to stable and overhaul rail 
motor cars in steam locomotive sheds, and 
in view of the connection of interior of car 
with mechanical portion, have you exper- 


cars, and the difficulty of keeping them in 
a good state of cleanliness ? 


Have you had trouble due to space so taken 
up in the sheds ? 
6. Have you in construction other rail motor 
cars ? 
If so, of what type ? : 
Are you thinking of extending their use ? 
7. What reasons led to adoption of rail motor 


car operation, and of particular types of 
car ? 


t 


8. As the result of experience, have you altered 
your views on the question? - 


9. Are yow proposing to alter your organisation, 
or system of operation ? 
Tf so, in what respect ? 


10. What is the likely trend of development with 
regard to rail motors on your railway ? 
et 


ienced trouble due to the deterioration of 


Southern Pacific. 
14 


iii sna 


| 

Canadian National, || 
4 

15 


From observation most 
suitable unit is Diesel-elec. 
300) Ht. PY to, 400 eae 

capable of hauling 
one or two trailers. 


Yes, 10% to 15% 
of time. 


One class only. 


No. 


No. 


Not with present 
economic conditions. 


Yes. 
To economise on 
operating costs. 
Diesel unit final choice © 
due to cheap fuel, | 
high thermal eff., absence} 
of fire hazard 
and dependability. 
No. 


No. 


That rail motors 
will be power units | 
only—will not have accom. } 
for passengers. 
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Chosen Government, 


‘Usage limited on account 
of limited power. 


Not frequent at present. 


Yes. 


No. 


With petrol cars 
difficulty was experienced 
in water circulating 
system in Winter. 


No. 


No. 


To economise on 
operating costs 
and build up traffic. 


No. 


No. 


Further development 
probable. 


Japanese Government. 


Federated Malay States. 
18 


Satisfactory. 


No. 


No. It is essential to 
cater for 2 classes. 


No such conditions. 


No. 


No. 


No. 


Five articulated steam 
units on order. 


To economise on 
operating costs. 


No. 


Not as yet. 


Extension of use 
of rail motors. 


East Indian. 
19 


Only for breakdown 
or overhaul. 


No. 


No such conditions. 


No, but shopping is more 
frequent than with 
locomotive. 


No. 


No. 


No. 


Not at present. 


To economise on 
operating costs 
and to counter road 
competition. 


Usefulness is limited 
to certain services. 


No. 


None. 
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Name of railway . . 6 0 We en Nigerian. Sudan Government, 
20 21 


l. What observations have you to make on the Satisfactory. Too early to 
results obtained in current service from the express opinion. | { 
point of view of power, and, above all, of f 
flexibility in use, with regard to service 
requirements ? 


2. Have you frequently been obliged to replace No. No. 
rail motor cars by locomotives on occasion 
of large rush of passengers, either of per- 
iodic nature, or during certain seasons, or 
accidentally ? 


3. Have you found it advantageous to reduce the No. No. Racial and social 
classes to one only, even for the trailers ? conditions forbid. 


4. Has the number of runs of rail motor cars No such conditions. No. 
interpolated between pre-existing trains 
given rise to congestion, difficulties with 
station service, delays for principal trains | 
on lines carrying heavy fast passenger 
and freight train traffic ? ’ 


5. Have you experienced difficulties in: motor No. No. 
upkeep, in view of special construction 
generally less robust than that of locomo- 
tives ? 
If it is necessary to stable and overhaul rail No. No. 
motor cars in steam locomotive sheds, and 
in view of the connection of interior of car 
with mechanical portion, have you exper- 
ienced trouble due to the deterioration of 
cars, and the difficulty of keeping them in 
a good state of cleanliness ? \ 


Have you had trouble due to space so taken » =Nea: No. 
up in the sheds ? 


6. Have you in construction other rail motor No. Service still 
cars ? experimental. 
If so, of what type ? wes aoe 
Are you thinking of extending their wse ? 
7. What reasons led to adoption of rail motor Experiment, Road competition, 
car operation, and of particular types of ot operating economy, 
car? To cope with intensive 


passenger traffic in cotton 
producing area. 


Experimental. 
8. As the result of experience, have you altered No. Insufficient experience. 
your views on the question ? 
9. Are you proposing to alter your organisation, No. No. 
or system of operation ? 
If so, in what respect ? 
10. What is the likely trend of development with Improbable that any Service still 


regard to rail motors on your railway ? more will be obtained. experimental. 
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XIMI—124 
Sl 
| South African. Ne pat eae wee Eee Tasmanian, 
| 22 23 24 25 


Still experimental. Both underpowered Limited experience, 
and have limited sphere| but believe that extension 


of application. of use will be 


Steam car is of old design. advantageous. 
Battery car high 
in capital costs. 
No. 


Yes. Yes for special events. 


One class only 


One class only. 
on rail motors. 


Racial conditions render 
it difficult to maintain 


one class. a: 
No. No such conditions. No. 
Yes. Yes. Small numbers render 
it difficult to 
express opinion. 
No. No No. 
No. No. No. 
es: | Six. No. Not with present- 
economic conditions. 
Same type. os see 
No. No. Yes. 
Originally to reduce costs. To counter road To economise in 
Now idea is to give better competition. operating costs. 


service than mixed trains. 


No, except that more Geographical conditions No. 
powerful car would be |give road the advantage. 
of advantage. 5 
Oo. 


No. 


With return of normal 
economic conditions exten- 
sion would be advocated. 


Possibly more powerful Turther development 
car to haul trailers. unlikely. 
Economics need study. 


Iv—-19 


872 
XII—122° 


New South Wales ‘ 
Goverment. New York Central. 


26 27 


Name of railway 


Underpowered. Limited to a specific 
service and therefore 


somewhat inflexible. 


1. What observations have you to make on the 
results obtained in current service from the 
point of view of power, and, above all, of 
flewibility in use, with regard to service 
requirements ? 


Yes. On special occasions 
in country and daily at 


Frequently for short 


. Have you frequently been obliged to replace 
periods on account of 


rail motor cars by locomotives on occasion 


of large rush of passengers, either of per- 
iodic nature, or during certain seasons, or 
accidentally ? 


. Have you found it advantageous to reduce the 
classes to one only, even for the trailers ? 


. Has the number of runs of rail motor cars 
interpolated between pre-existing trains 
given rise to congestion. difficulties with 
station service, delays for principal trains 
on lines carrying heavy fast passenger 
and freight train traffic ? 


. Have you experienced difficulties in motor 
upkeep, in view of special construction 
generally less robust than that of locomo- 
tives ? 


Tf it is necessary to stable and overhaul rail 
motor cars in steam locomotives sheds, and 

| in view of the connection of interior of car 

' with mechanical portion, have you exper- 
ienced trouble due to the deterioration of 
cars, and the difficulty of keeping them in 
a good state of cleanliness ? 

Have you had trouble due to space so taken 
up in the sheds ? 


. Have you in construction other rail motor 
. cars f 


If so, of what type ? 
Are you thinking of extending their use ? 
. What reasons led to adoption of rail motor 


car operation, and of particular types of 
car ? 


. As the result of experience, have you altered 
your views on the question ? 


. Are you proposing to alter your organisation, 
or system of operation ? 


If so, in what respect ? 


. What is the likely trend of development with 
regard to rail motors on your railway ? 


peak periods in suburbs. 


No. 


No interpolated services— 
traffic conditions not 
altered. 


At one depot where 
steam locos. were 
adjacent difficulty was 
experienced in keeping 
rail motor clean. 


No. 


but 
consideration. 


Not at present, 
under 


Provision of economical 
and speedy transport 
for small loading. 


No. 
No. 


\ 

Increase in power and 

capacity and improved 
comfort. 


heavy traffic. 


Yes. 


No such conditions. 


No. Close inspection 
and proper maintenance 
is essential. 


No. 


No, although a spare 
stall must be kept 
alongside motor. 


No. 


Not at present. 


Economie reasons. 


Use of similar cars on 
services wherea reasonable 
return on investment 
is assured. 


